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7KH HIILFLHQF\ VFRUHV JHQHUDWHG E\ ’($ +’DWD (QYHORSPHQW $QDO\VLV, PRGHOV DUH FOHDUO\
GHSHQGHQW RQ HDFK RWKHU LQ WKH VWDWLVWLFDO VHQVH1 +RZHYHU/ WKLV GHSHQGHQF\ KDV EHHQ LJQRUHG LQ DOO
SXEOLVKHG XVHV RI WKHVH VFRUHV ZKHQ XVHG WR PDNH VWDWLVWLFDO LQIHUHQFHV1 )RU H[DPSOH/ UHJUHVVLRQ
DQDO\VLV KDV EHHQ ZLGHO\ DSSOLHG WR WKH DQDO\VLV RI WKH YDULDWLRQ RI WKH ’($ HIILFLHQF\ VFRUHV1
+RZHYHU/ WKH FRQYHQWLRQDO SURFHGXUH/ ZKLFK KDV EHHQ JHQHUDOO\ IROORZHG LQ WKH OLWHUDWXUH/ LV
LQYDOLG1 %HFDXVH RI WKH SUHVHQFH RI WKH LQKHUHQW GHSHQGHQFH DPRQJ WKH ’($ HIILFLHQF\ VFRUHV/
RQH EDVLF PRGHO DVVXPSWLRQ UHTXLUHG E\ UHJUHVVLRQ DQDO\VLV/ LQGHSHQGHQFH ZLWKLQ WKH VDPSOH/ LV
YLRODWHG1 7KLV SDSHU SURYLGHV D %RRWVWUDS PHWKRG WR RYHUFRPH WKLV GHSHQGHQF\ SUREOHP1 7KH
FRUH LGHD LV WR VXEVWLWXWH WKH LQFRUUHFW FRQYHQWLRQDO HVWLPDWRUV IRU WKH VWDQGDUG HUURUV RI WKH
UHJUHVVLRQ FRHIILFLHQW HVWLPDWHV ZLWK WKH %RRWVWUDS HVWLPDWRUV IRU WKH VWDQGDUG HUURUV RI WKHVH
HVWLPDWHV1 7KH PHWKRG LV LOOXVWUDWHG XVLQJ DQ HPSLULFDO H[DPSOH IURP WKH 8161 KHDOWK FDUH V\VWHP141 ,QWURGXFWLRQ
8VLQJ UHJUHVVLRQ DQDO\VLV WR H[SODLQ WKH YDULDWLRQV LQ WKH GLVWULEXWLRQ RI WKH ’DWD (QYHORSPHQW
$QDO\VLV +’($, HIILFLHQF\ VFRUHV KDV EHHQ ZLGHO\ XVHG LQ WKH OLWHUDWXUH1 )RU H[DPSOH/ UHJUHVVLRQ
DQDO\VLV KDV EHHQ XVHG WR DQDO\]H WKH ’($ HIILFLHQF\ VFRUHV RU VRPH NLQG RI WUDQVIRUPDWLRQV RI
WKH ’($ HIILFLHQF\ VFRUHV LQ DQDO\]LQJ HGXFDWLRQDO V\VWHPV +/RYHOO HW DO1 4<<7> 5D\ 4<<4,/
KHDOWK FDUH +.RRUHPDQ 4<<7> -XUDV DQG %URRNV 4<<6,/ WKH LQVXUDQFH LQGXVWU\ +&XPPLQV HW DO1
4<<<> &DUU 4<<:,/ DQG LQ PDQ\ RWKHU SXEOLVKHG DQG XQSXEOLVKHG VWXGLHV1
7KH XVH RI UHJUHVVLRQ WR FRPELQH WKH QRQ0SDUDPHWULF ’($ PHWKRG DQG SDUDPHWULF VWDWLVWLFDO
PHWKRGV LV UHFRJQL]HG LQ &KDUQHV HW DO1 +4<<7, DQG *URVVNRSI +4<<9,1 2EYLRXVO\/ UHJUHVVLRQ
DQDO\VLV LV DPRQJ WKH PRVW XVHIXO DQG PRVW ZLGHO\ XVHG VWDWLVWLFDO PHWKRGV1 ,W LV D UHOLDEOH DQG
HDV\ WR XVH WRRO WR GHWHUPLQH ZKHWKHU RU QRW FHUWDLQ IDFWRUV LQIOXHQFH WKH GHFLVLRQ0PDNLQJ XQLWV*
+’08V, HIILFLHQF\ VFRUHV1 ,Q SUDFWLFH/ LW KHOSV WR VHHN WKH DQVZHU WR WKH TXHVWLRQ ZH DUH
HVVHQWLDOO\ LQWHUHVWHG LQ= LQVLGH WKH EODFN ER[ RI DQ RUJDQL]DWLRQ/ ZKDW DUH WKRVH IDFWRUV WKDW
VLJQLILFDQWO\ LQIOXHQFH WKH ’08V¶ HIILFLHQF\"
$ W\SLFDO ZD\ RI XVLQJ UHJUHVVLRQ DQDO\VLV LQ WKH ’($ OLWHUDWXUH LV WR ILW RQH UHJUHVVLRQ PRGHO/ LQ
ZKLFK WKH YDULDWLRQV RI WKH ’($ HIILFLHQF\ VFRUHV +RU VRPH NLQG RI WUDQVIRUPDWLRQ RI WKH
HIILFLHQF\ VFRUHV, DUH H[SODLQHG E\ D JURXS RI H[SODQDWRU\ YDULDEOHV RI LQWHUHVW1 7KH UHODWLRQVKLS
EHWZHHQ WKH HIILFLHQF\ VFRUHV DQG WKH H[SODQDWRU\ YDULDEOHV LV WKHQ HYDOXDWHG EDVHG RQ WKH UHVXOWV
RI WKLV UHJUHVVLRQ PRGHO1 :H FDOO WKLV NLQG RI PHWKRG DV GLUHFW UHJUHVVLRQ LQ WKLV SDSHU1 7KH EDVLF
SURFHGXUH IRU GLUHFW UHJUHVVLRQ FDQ EH VXPPDUL]HG DV IROORZLQJV=
+4, 5XQ RQH ’($ PRGHO +RU VRPH NLQG RI H[WHQVLRQ RI WKH FRQYHQWLRQDO ’($ PRGHO, IRU HDFK
’08 RI DOO WKH Q ’08V LQ WKH REVHUYDWLRQ VHW WR FDOFXODWH WKH ’($ HIILFLHQF\ VFRUHV
Q T T T 111/ / / 5 4 1
+5, )LW D VLQJOH UHJUHVVLRQ PRGHO/ LQ ZKLFK WKH ’($ HIILFLHQF\ VFRUH L T RU VRPH NLQG RI
WUDQVIRUPDWLRQ RI L T +H1J1/ WKH ORJDULWKPLF WUDQVIRUPDWLRQ,/ LV WKH UHVSRQVH YDULDEOH1
+6, ’R K\SRWKHVLV WHVWLQJ= WHVW WKH LQGLYLGXDO QXOO K\SRWKHVLV ‡ 3 = 3   M + E · EDVHG RQ WKH UHVXOWV
IURP ILWWLQJ WKH UHJUHVVLRQ PRGHO1 7KDW LV/ GHWHUPLQH ZKHWKHU RU QRW D FHUWDLQ H[SODQDWRU\
YDULDEOH LQIOXHQFHV WKH ’08V¶ HIILFLHQF\ VFRUHV DW VRPH SUH0VSHFLILHG VLJQLILFDQW OHYHO16
6HYHUDO SUREOHPV UHODWHG WR WKH DERYH SURFHGXUH DUH H[DPLQHG LQ *URVVNRSI +4<<9, XQGHU WKH WLWOH
RI ‡WKH WZR0VWHS SURFHGXUH·1 )RU H[DPSOH/ LI WKH VDPSOH GLVWULEXWLRQ RI WKH ’($ HIILFLHQF\
VFRUHV LV QRQ0QRUPDO/ D QRUPDO GLVWULEXWLRQ PD\ EH DSSUR[LPDWHG XVLQJ WKH ORJDULWKPLF
WUDQVIRUPDWLRQ RI WKH HIILFLHQF\ VFRUH DV VKRZQ LQ /RYHOO HW DO1 +4<<7,
41 $OVR/ VRPH HVWLPDWLRQ
SUREOHPV DULVLQJ IURP FRUUHODWLRQ EHWZHHQ WKH LQSXW0RXWSXW YHFWRU LQ WKH ’($ PRGHO DQG WKH
H[SODQDWRU\ YDULDEOH LQ WKH UHJUHVVLRQ PRGHO DUH GLVFXVVHG LQ ’HSULQV DQG 6LPDU +4<;<, DQG
6LPDU/ /RYHOO DQG (HFNDXW +4<<7,1
+RZHYHU/ D VHULRXV SUREOHP ZLWK WKH DERYH SURFHGXUH KDV EHHQ VR LJQRUHG LQ WKH OLWHUDWXUH WR
GDWH1 7KDW LV/ WKH DERYH SURFHGXUH YLRODWHV D EDVLF DVVXPSWLRQ UHTXLUHG E\ UHJUHVVLRQ DQDO\VLV= WKH
DVVXPSWLRQ RI LQGHSHQGHQFH ZLWKLQ WKH VDPSOH1 $VVXPH WKHUH DUH Q REVHUYDWLRQV LQ WKH
REVHUYDWLRQ VHW1 ,I Q ; ; ; 111/ / / 5 4 ZHUH Q URZ YHFWRUV RI SUHGLFWRUV UDQGRPO\ VDPSOHG IRUP D
SRSXODWLRQ/ DQG UHVSRQVHV Q < < < 111/ / / 5 4 VDWLVILHG L L L ; < H E ￿   / ZKHUH WKH HUURUV L H ¶V DUH
QRUPDOO\ GLVWULEXWHG ZLWK PHDQ ]HUR DQG FRQVWDQW YDULDQFH/ LQGHSHQGHQW WR HDFK RWKHU DQG
LQGHSHQGHQW WR WKH L ; ¶V/ WKHQ OHDVW VTXDUH UHJUHVVLRQ JLYHV DSSURSULDWH LQIHUHQFHV DERXW WKH
FROXPQ YHFWRU SDUDPHWHU E 1 +RZHYHU/ ZKHQ Q < < < 1111/ / / 5 4 DUH WKH ’($ HIILFLHQF\ VFRUHV
Q T T T 111/ / / 5 4 / WKH HUURUV L H ¶V FDQ QRW EH LQGHSHQGHQW WR HDFK RWKHU/ EHFDXVH WKH PHWKRGRORJ\ RI
’($ LQVXUHV WKDW Q T T T 111/ / / 5 4 DUH QRW LQGHSHQGHQW WR HDFK RWKHU1 7KH FDOFXODWLRQ RI WKH ’($
HIILFLHQF\ VFRUH IRU RQH ’08 LQYROYHV DOO WKH RWKHU ’08V LQ WKH REVHUYDWLRQ VHW1 )RU H[DPSOH/ LQ
WKH IROORZLQJ SULPDO LQSXW0RULHQWHG &&5 PRGHO/ WKH ’($ HIILFLHQF\ VFRUH RI ’08 W LQ WKH
REVHUYHG VHW/ ZKHUH ^ ‘ Q W /111/ 5 / 4 ￿ / LV FDOFXODWHG E\ VROYLQJ WKH IROORZLQJ OLQHDU SURJUDPPLQJ
SUREOHP=















L L W W $ $
4
O T +6,
4 1RWLFH WKH VDPSOH GLVWULEXWLRQ RI WKH ’($ HIILFLHQF\ VFRUHV LV QRW QHFHVVDULO\ QRQ0QRUPDO1 ,Q WKH H[DPSOH
LQ 6HFWLRQ 7/ WKH 6KDSLUR0:LON QRUPDOLW\ WHVW VKRZV WKDW WKH VDPSOH GLVWULEXWLRQ RI WKH ’($ HIILFLHQF\
VFRUHV DV ZHOO DV WKH UHVLGXDOV IURP ILWWLQJ WKH UHJUHVVLRQ PRGHO LQ RXU H[DPSOH DUH LQGHHG DSSUR[LPDWHO\
QRUPDOO\ GLVWULEXWHG17
1 /111/ 4 / 3 Q L L   t O +7,
,Q WKLV SUREOHP/ L $ GHQRWHV WKH LQSXW YHFWRU RI ’08 L/ L % GHQRWHV WKH RXWSXW YHFWRU RI ’08 L/
DQG L O LV WKH ZHLJKW RI ’08 L1 2EYLRXVO\/ WKH FDOFXODWLRQ RI WKH ’($ HIILFLHQF\ VFRUH IRU ’08
W LQYROYHV DOO WKH RWKHU ’08V LQ WKH REVHUYHG VHW1 ,Q RWKHU ZRUGV/ WKH UHDVRQ IRU WKH GHSHQGHQF\
SUREOHP LV VLPSO\ WKH ZHOO0NQRZQ IDFW WKDW WKH ’($ HIILFLHQF\ VFRUH LV D UHODWLYH HIILFLHQF\ LQGH[
LQVWHDG RI DQ DEVROXWH HIILFLHQF\ LQGH[1 7KLV LV JHQHUDOO\ WUXH IRU DOO NLQGV RI ’($ PRGHOV DQG WKH
0RGLILHG ’($ PRGHOV1 7KHUHIRUH/ WKH DERYH SURFHGXUH/ GLUHFW UHJUHVVLRQ/ LV QRW YDOLG EHFDXVH RI
WKH YLRODWLRQ RI RQH RI WKH EDVLF PRGHO DVVXPSWLRQV UHTXLUHG E\ UHJUHVVLRQ DQDO\VLV GXH WR WKH
SUHVHQFH RI WKH LQKHUHQW GHSHQGHQFH DPRQJ WKH ’08V¶ ’($ HIILFLHQF\ VFRUHV1
,Q WKLV SDSHU/ ZH SUHVHQW D SURFHGXUH LQ ZKLFK WKH %RRWVWUDS LV XVHG ZLWK UHJUHVVLRQ DQDO\VLV WR
DGGUHVV WKH DERYH GHSHQGHQF\ SUREOHP1 1RWLFH WKDW LQ WKH OLWHUDWXUH RI %RRWVWUDS/ WKLV PHWKRG KDV
EHHQ XVHG WR DGGUHVV GLIIHUHQW SUREOHPV LQ UHJUHVVLRQ DQDO\VLV> IRU H[DPSOH/ WKH QRQ0QRUPDOLW\ RI
WKH GLVWULEXWLRQ RI WKH HUURUV LQ UHJUHVVLRQ DQDO\VLV1 ,Q WKLV SDSHU/ %RRWVWUDS LV XVHG LQ WR DGGUHVV D
GLIIHUHQW DQG PRUH VSHFLILF SUREOHP LQ UHJUHVVLRQ DQDO\VLV= WKH GHSHQGHQFH DPRQJ WKH HUURUV GXH
WR WKH GHSHQGHQFH DPRQJ WKH UHVSRQVHV ZLWKLQ WKH VDPSOH/ VSHFLILFDOO\/ WKH ’($ HIILFLHQF\
VFRUHV1 $V ZH ZLOO VKRZ ODWHU LQ WKLV SDSHU/ LQ K\SRWKHVLV WHVWLQJ/ WKH PHWKRG SUHVHQWHG LQ WKLV
SDSHU PD\ OHDG WR D FRQFOXVLRQ ZKLFK LV FRQWUDU\ WR WKH RQH GUDZQ IURP WKH DERYH GLUHFW
UHJUHVVLRQ SURFHGXUH1
7KH LQKHUHQW GHSHQGHQF\ SUREOHP RI WKH ’($ HIILFLHQF\ VFRUHV KDV EHHQ LJQRUHG LQ WKH OLWHUDWXUH1
+RZHYHU/ RQH VKRXOG EH FRQFHUQHG ZLWK QRW RQO\ LQ WKH UHJUHVVLRQ DQDO\VLV RI WKH YDULDWLRQV RI
WKH ’($ HIILFLHQF\ VFRUHV/ EXW DOVR RWKHU VWDWLVWLFDO LQIHUHQFHV EDVHG RQ ’($ HIILFLHQF\ VFRUHV1
)RU H[DPSOH/ LQ WKH DOVR ZLGHO\ XVHG QRQ0SDUDPHWULF DQDO\VLV RI ’($ HIILFLHQF\ VFRUHV/ WKH
LQGHSHQGHQFH ZLWKLQ VDPSOH LV DOVR UHTXLUHG1 %XW WKLV DVVXPSWLRQ FDQ DOVR QRW EH VDWLVILHG GXH WR
WKH LQKHUHQW GHSHQGHQF\ RI WKH ’($ HIILFLHQF\ VFRUHV1 +RZHYHU/ WR WKH EHVW RI RXU NQRZOHGJH/
WKLV SUREOHP KDV QHYHU EHHQ DFNQRZOHGJHG/ QRU DGGUHVVHG LQ WKH OLWHUDWXUH1 ,Q RXU RSLQLRQ/ WKH
%RRWVWUDS LV D SRVVLEOH WRRO WR IL[ WKLV SUREOHP LQ WKH QRQ0SDUDPHWULF DQDO\VLV RI WKH ’($
HIILFLHQF\ VFRUHV DV ZHOO1
7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZLQJV= ,Q 6HFWLRQ 5/ WKH %RRWVWUDS PHWKRG LV LQWURGXFHG1
,Q 6HFWLRQ 6/ D SURFHGXUH RI UHJUHVVLRQ DQDO\VLV ZLWK WKH %RRWVWUDS LQ SRVW0’($ DQDO\VLV LV8
SUHVHQWHG1 $Q HPSLULFDO H[DPSOH LV GHVFULEHG LQ 6HFWLRQ 7 WR LOOXVWUDWH WKH PHWKRGRORJ\ SUHVHQWHG
KHUHLQ1 7KH PDLQ UHVXOWV RI WKLV SDSHU DUH VXPPDUL]HG LQ 6HFWLRQ 819
51 7KH %RRWVWUDS 0HWKRG
%UDGOH\ (IURQ LQYHQWHG WKH %RRWVWUDS PHWKRG LQ 4<:< +6HH (IURQ 4<:<,1 6LQFH WKHQ/ LW KDV TXLFNO\
EHFRPH D SRSXODU DQG SRZHUIXO VWDWLVWLFDO WRRO XVHG WR DGGUHVV VRPH ‡KDUG· SUREOHPV LQ VWDWLVWLFDO
DQDO\VLV1 7KLV PHWKRG LV D FRPSXWDWLRQDOO\ LQWHQVH PHWKRG1 +RZHYHU WKH PRGHUQ FRPSXWHU LV
PRUH WKDQ VXIILFLHQW IRU WKH FRPSXWDWLRQ UHTXLUHG E\ WKLV PHWKRG1
7KH SUREOHP VROYHG E\ %RRWVWUDS LV PDLQO\ DQ HVWLPDWLRQ SUREOHP1 &RQVLGHULQJ D UDQGRP VDPSOH
, / 111 1 / / + 5 4 Q ; ; ; ;   IURP D SRSXODWLRQ ZLWK DQ XQNQRZQ GLVWULEXWLRQ )/ WKH JRDO LV WR HVWLPDWH
WKH VDPSOLQJ GLVWULEXWLRQ RI VRPH SUH0VSHFLILHG UDQGRP YDULDEOH 5 +;/ ),/ EDVHG RQ WKH UHDO GDWD
VHW [1 +HUH , / 111 1 / / + 5 4 Q [ [ [ [   GHQRWHV WKH REVHUYHG UHDOL]DWLRQ RI , / 111 1 / / + 5 4 Q ; ; ; ;   1
$V GHVFULEHG LQ (IURQ +4<:<,/ WKH SULQFLSOH RI WKH %RRWVWUDS PHWKRG LV YHU\ VLPSOH DQG
VWUDLJKWIRUZDUG=
+4, &RQVWUXFW WKH VDPSOH SUREDELOLW\ GLVWULEXWLRQ ) ￿ / DVVLJQLQJ SUREDELOLW\ 42QD WH D F KS R L Q WL Q
WKH REVHUYHG VDPSOH= Q [ [ [ / 111 1 / / 5 4 1
+5, ’UDZ D UDQGRP VDPSOH RI VL]H Q ZLWK UHSODFHPHQW IURP ) ￿ ZKLOH ) ￿ LV IL[HG DW LWV REVHUYHG
YDOXH1 7KDW LV/
) ; [ ; LQG L L L ￿ a /
- - -   / L 4/ 5/ «/ Q1+ 8 ,






Q ; ; ; ;   LV GHILQHG DV WKH %RRWVWUDS VDPSOH1
+6, 7KH GLVWULEXWLRQ RI WKH UDQGRP YDULDEOH 5 +;/ ), LV DSSUR[LPDWHG E\ WKH ERRWVWUDS GLVWULEXWLRQ
RI
, ￿ / +
- - ) ; 5 5   1+ 9 ,
%HKLQG WKLV SULQFLSOH/ W K HF R U HL G H DL VW K D WJ L Y H Q [ ;  /) ￿LV WKH FHQWUDO SRLQW RI ) DPRQJ DOO WKH
OLNHO\ )¶V/ DQG WKHQ
- 5 VKRXOG EH FORVH HQRXJK WR 51 ,Q WKHRU\/ ZKHQ ) )   ￿ / LW PXVW EH WKH FDVH
WKDW 5 5  
- 1 7KHRUHWLFDOO\/
- 5 FDQ EH FDOFXODWHG DIWHU [ LV REVHUYHG1 )RU PRUH GHWDLOV DERXW WKH
PHWKRGRORJ\ RI WKH %RRWVWUDS PHWKRG/ SOHDVH UHIHU WR (IURQ +4<:<, DQG (IURQ DQG 7LEVKLUDQL
+4<<6,1 % D V H GR QZ H O O 0 HVWDEOLVKHG IDFWV/ WKH %RRWVWUDS KDV EHHQ VKRZQ WR ZRUN VDWLVIDFWRULO\ LQ
PDQ\ HVWLPDWLRQ SUREOHPV/ VXFK DV WKH HVWLPDWLRQ RI WKH YDULDQFH RI WKH VDPSOH PHGLDQ DQG
FRQILGHQFH LQWHUYDOV1 $V ZH PHQWLRQHG EHIRUH/ LW ZDV DOVR XVHG WR HVWLPDWH WKH GLVWULEXWLRQ RI WKH:
UHJUHVVLRQ FRHIILFLHQWV ZKHQ WKH HUURU WHUPV¶ GLVWULEXWLRQV LQGHSHQGHQWO\ IROORZ VRPH XQNQRZQ
GLVWULEXWLRQ1
%RRWVWUDS ZDV ILUVW LQWURGXFHG LQWR WKH QRQ0SDUDPHWULF IURQWLHU DQDO\VLV ILHOG WKURXJK D SLRQHHULQJ
ZRUN LQ 6LPDU +4<<5,1 6LQFH WKHQ/ LW KDV EHHQ XVHG WR FRQVWUXFW WKH FRQILGHQFH LQWHUYDO IRU WKH
PHDQV RI WKH ’($ HIILFLHQF\ VFRUHV +$WNLQVRQ DQG :LOVRQ 4<<8,/ WR GHULYH WKH FRQILGHQFH
LQWHUYDOV DQG D PHDVXUH RI ELDV IRU WKH ’($ HIILFLHQF\ VFRUHV +)HUULHU DQG +LUVFKEHUJ 4<<:,/ DQG
WR DQDO\]H WKH VHQVLWLYLW\ RI WKH ’($ HIILFLHQF\ VFRUHV UHODWHG WR WKH YDULDWLRQV RI WKH HVWLPDWHG
IURQWLHU +6LPDU DQG :LOVRQ 4<<;,1 ,W KDV EHHQ UHFRJQL]HG WKDW WKH %RRWVWUDS PHWKRG LV D SRZHUIXO
WRRO WR DGGUHVV WKH VWDWLVWLFDO DVSHFWV RI ’($ +*URVVNRSI 4<<9,1 $OO WKLV OLWHUDWXUH KDV EHHQ
IRFXVHG RQ WKH HVWLPDWLRQ RI WKH GLVWULEXWLRQ RI WKH ’($ HIILFLHQF\ VFRUHV1 7R GDWH/ QR RQH KDV
DGGUHVVHG WKH UHJUHVVLRQ TXHVWLRQ UDLVHG LQ WKH ,QWURGXFWLRQ1;
61 $SSO\LQJ %RRWVWUDS WR WKH 5HJUHVVLRQ $QDO\VLV RI ’($ (IILFLHQF\ 6FRUHV
,Q WKLV VHFWLRQ/ ZH SUHVHQW D SURFHGXUH IRU WKH UHJUHVVLRQ DQDO\VLV RI WKH ’($ HIILFLHQF\ VFRUHV E\
XVLQJ %RRWVWUDS WR VROYH WKH GHSHQGHQF\ SUREOHP1 %HIRUH JRLQJ LQWR WKH GHWDLOV RI WKH PHWKRG/ OHW
XV ILUVW WDNH D FORVHU ORRN LQWR WKH ‡GHSHQGHQF\ SUREOHP·1 :KDW LV WKH UHDO SUREOHP LI WKH
UHVSRQVHV/ Q < < < 1111/ / / 5 4 / DUH GHSHQGHQW WR HDFK RWKHU/ RU/ LQ RWKHU ZRUGV/ FRUUHODWHG WR HDFK RWKHU"
%DVLFDOO\/ ZKHQ Q < < < 1111/ / / 5 4 DUH FRUUHODWHG/ LI ZH ILW WKH UHJUHVVLRQ PRGHO DV LI WKH\ ZHUH QRW
FRUUHODWHG/ WKH HVWLPDWH RI WKH VWDQGDUG HUURU RI WKH UHJUHVVLRQ FRHIILFLHQW HVWLPDWH/ , ￿ + ￿ M H V E /
ZKLFK LV REWDLQHG E\ ILWWLQJ WKH UHJUHVVLRQ PRGHO/ LV QR ORQJHU FRUUHFW1 $V VWDWHG LQ *ROGEHUJHU
+4<<4,=
‡« WKH IDPLOLDU HVWLPDWRU RI WKH YDULDQFH PDWUL[ RI WKH YHFWRU RI E >WKDW LV/ WKH YHFWRU RI
UHJUHVVLRQ FRHIILFLHQW HVWLPDWHV@ LV ELDVHG/ DQG VR WKH FRQYHQWLRQDO HVWLPDWRU RI WKH
VWDQGDUG HUURUV DUH QRW FRUUHFW PHDVXUHV RI WKH LPSUHFLVLRQ/ DQG FRQVHTXHQWO\ WKH
FRQILGHQFH UHJLRQ DQG WKH K\SRWKHVLV WHVW SURFHGXUHV « ZLOO QRW EH YDOLG1·+*ROGEHUJHU
4<<4,
7KLV PHDQV WKDW ZH DUH QR ORQJHU VXUH DERXW KRZ DFFXUDWH M E ￿ +WKH HVWLPDWH RI UHJUHVVLRQ
FRHIILFLHQW M E E\ ILWWLQJ WKH UHJUHVVLRQ PRGHO, LV/ DQG WKH XVXDO IRUPXOD IRU , ￿ + ￿ M H V E / WKH
HVWLPDWRU IRU WKH VWDQGDUG HUURU RI M E ￿ / ZLOO W\SLFDOO\ JLYH WKH ZURQJ DQVZHU1 7KLV LPPHGLDWHO\
FDXVHV D PRUH VHULRXV SUREOHP WKDW ZH QHHG WR ZRUU\ DERXW= WKH W0UDWLRV DQG 30YDOXHV IRU WKH
K\SRWKHVLV WHVW RI ‡ 3 = 3   M + E · DUH QR ORQJHU FRUUHFW VLQFH ZH FDOFXODWHG WKH WHVW VWDWLVWLF W
DFFRUGLQJ WR









7KHUHIRUH/ WKH FRQFOXVLRQV ZH UHDFK WKURXJK WKLV NLQG RI GLUHFW UHJUHVVLRQ DQDO\VLV PD\ EH
PLVOHDGLQJ1
7R DGGUHVV WKH GHSHQGHQF\ LVVXH/ FRQVLGHU WKH IROORZLQJ SUREOHP=<
$VVXPH D UDQGRP VDPSOH RI Q ’08V LV WDNHQ IURP D FRPSOHWHO\ XQNQRZQ GLVWULEXWLRQ )1 7KLV
UDQGRP VDPSOH LV GHQRWHG E\ , / 111 1 / / + 5 4 Q ; ; ; ;   / ZKHUH / /111/ 4 ,/ / + Q L 9 8 ; L L L    
LV D +W . P, GLPHQVLRQ YHFWRU FRQVLVWLQJ RI RQH W0GLPHQVLRQDO YHFWRU L 8 DQG RQH P0GLPHQVLRQDO
YHFWRU L 9 1 7KH FRPSRQHQWV RI YHFWRU L 8 DUH WKH LQSXWV DQG RXWSXWV RI ’08 L XVHG LQ WKH ’($
PRGHO1 7KH FRPSRQHQWV RI YHFWRU L 9 DUH WKH FRUUHVSRQGLQJ YDOXHV RI WKH H[SODQDWRU\ YDULDEOHV
DVVRFLDWHG ZLWK ’08 L XVHG LQ WKH UHJUHVVLRQ PRGHO1 &RQVLGHU WKH ’($ PRGHO IRU ’08 L DV D
SURMHFWLRQ SURFHGXUH L I 1 7KHQ/ WKH HIILFLHQF\ VFRUH L T LV WKH SURMHFWLRQ RI , 111/ / / + 5 4 Q 8 8 8 8  
WKURXJK L I 1 7KDW LV/
, +8 L L I T   1+ ; ,
6XSSRVH WKDW P M M 111/ / 4 / 3 /   E DUH WKH UHJUHVVLRQ FRHIILFLHQWV LQ WKH IROORZLQJ UHJUHVVLRQ PRGHO=
Q L 9 * < L L L L /111/ 4 / , / +   ￿     H E T / , /111/ /111/ / + 4 3 P M E E E E E   1+ < ,
+HUH L H LV WKH HUURU WHUP/ L 4/ 5/ «/ Q1 2EYLRXVO\/ E\ HVWLPDWLRQ RI WKH UHJUHVVLRQ PRGHO/ ZH FDQ
FDOFXODWH WKH HVWLPDWH IRU M E 1 7KDW LV/
1 111/ / 4 / 3 ,/ / / + ￿ P M ) 9 M M     T M E +43,
+HUH , /111/ / + 5 4 Q T T T T   DQG , /111/ / + 5 4 Q 9 9 9 9   1 6LQFH , +8 L L I T   DQG ;   +8/ 9,/ WKH HVWLPDWH
M E ￿ LV HVVHQWLDOO\ MXVW D UDQGRP YDULDEOH GHSHQGHQW RQ , / + ) ; WKURXJK D SURMHFWLRQ SURFHGXUH M 5 1
7KDW LV=
P M ) ; 5 ) 9 8 8 8 M Q M M 111/ / 4 / 3 ,/ / + , / ,,/ + ,/111/ + ,/ + ++ ￿
5 4       I I I M E 1 +44,
+HQFH/ ZH FDQ FDOFXODWH WKH FRHIILFLHQW HVWLPDWH M E ￿ IURP WKH REVHUYHG UDQGRP VDPSOH [1
+RZHYHU/ VLQFH L T ¶V DUH FRUUHODWHG WR HDFK RWKHU/ ZH DUH QR ORQJHU VXUH DERXW WKH DFFXUDF\ RI WKH
M E ￿ ¶V1 $V ZH GLVFXVVHG EHIRUH/ , ￿ + ￿ M H V E / WKH HVWLPDWRU IRU , ￿ + M VH E +WKH VWDQGDUG HUURU RI M E ￿ ,
REWDLQHG E\ WKH GLUHFW UHJUHVVLRQ PHWKRG LV QR ORQJHU FRUUHFW1 ,Q RUGHU WR JHW WKH FRUUHFW W0UDWLRV
DQG 30YDOXHV IRU WKH K\SRWKHVLV WHVWLQJ/ ZH WKHQ XVH ERRWVWUDS WR HVWLPDWH , ￿ + M VH E 1
%DVHG RQ $OJRULWKP 914= ‡7KH %RRWVWUDS $OJRULWKP IRU (VWLPDWLQJ 6WDQGDUG (UURUV· LQ (IURQ DQG
7LEVKLUDQL +4<<6,/ ZH SUHVHQW WKH IROORZLQJ SURFHGXUH WR HVWLPDWH , ￿ + M VH E XVLQJ %RRWVWUDS=43
6WHS 4= &RQVWUXFW WKH VDPSOH SUREDELOLW\ GLVWULEXWLRQ ) ￿ E\ DVVLJQLQJ SUREDELOLW\ RI 42Q DW HDFK
’08 LQ WKH REVHUYHG VDPSOH=+ Q [ [ [ / 111 1 / / 5 4 ,1
6WHS 5= ’UDZ F +FL VDF R Q V W D Q W ,UDQGRP VDPSOHV RI VL]H Q ZLWK UHSODFHPHQW IURP WKH RULJLQDO
VDPSOH + Q [ [ [ / 111 1 / / 5 4 ,=
5
F N [ [ [ 6 NQ N N N 111/ / 4 ,/ / 111 1 / / + 5 4     / +45,
ZKHUH Q L Y X [ NL NL NL /111/ 4 ,/ / +     1 N 6 LV WKH VR0FDOOHG %RRWVWUDS VDPSOH1
6WHS 6= )RU HDFK %RRWVWUDS VDPSOH F N 6N 111/ / 4 /   / UXQ WKH ’($ PRGHO DQG UHFDOFXODWH WKH
HIILFLHQF\ VFRUHV IRU DOO Q ’08V=
/ 111/ / 4 ,/ + Q L XN L NL    I T +46,
ZKHUH L I UHSUHVHQWV WKH ’($ PRGHO IRU ’08 L1
6WHS 7= )RU HDFK %RRWVWUDS VDPSOH F N 6N 111/ / 4 /   / HYDOXDWH WKH %RRWVWUDS UHSOLFDWLRQ
P M F N NM 111/ / 4 / 3 / /111/ 4 / ￿     E E\ ILWWLQJ WKH UHJUHVVLRQ PRGHO=
Q L Y * NL NL N NL /111/ 4 / , / +   ￿   H E T / , /111/ /111/ / + 4 3 NP NM N N N E E E E E   +47,
6WHS 8= (VWLPDWH WKH VWDQGDUG HUURU , ￿ + M VH E E\ WKH VDPSOH VWDQGDUG GHYLDWLRQ RI WKH F %RRWVWUDS
UHSOLFDWLRQV RI M E ￿ =




M F /111/ 4 / 3 / , 4 +
, ￿ +































M 111/ / 4 / 3 /
￿





5 )RU PRUH GHWDLOV DERXW RXU ZD\ RI ERRWVWUDSSLQJ WKH ZKROH RULJLQDO VDPSOH SOHDVH UHIHU WR 6HFWLRQ <18 LQ
(IURQ DQG 7LEVKLUDQL +4<<6,144
:H FDOO , ￿ + ￿ M F H V E WKH %RRWVWUDS HVWLPDWRU IRU WKH VWDQGDUG HUURU RI M E ￿ 1
1RZ/ ZH DUH UHDG\ WR XVH D W0WHVW WR WHVW WKH IROORZLQJ K\SRWKHVLV=
1 3 = 1 / 3 = 3 z   M D M + YV + E E
&DOFXODWH WKH WHVW VWDWLVWLF DFFRUGLQJ WR=








  / +4:,
DQG FRPSDUH W WR WKH FULWLFDO YDOXH
5
D W IURP WKH VWXGHQW W GLVWULEXWLRQ ZLWK GHJUHHV RI IUHHGRP
HTXDO WR +Q0P04, 1 ,I 358 1 3 W W ! / UHMHFW WKH QXOO K\SRWKHVLV 3 = 3   M + E LQ IDYRU RI
3 = z M D + E / DW 38 1 3   D VLJQLILFDQW OHYHO1 2WKHUZLVH/ WKH QXOO K\SRWKHVLV 3 = 3   M + E LV
WHQDEOH DW 38 1 3   D VLJQLILFDQW OHYHO1
7KH DERYH SURFHGXUH/ XQOLNH WKH GLUHFW UHJUHVVLRQ PHWKRG/ FRUUHFWO\ LPSOHPHQWV (IURQ¶V
%RRWVWUDS PHWKRG WR JLYH DSSURSULDWH VWDQGDUG HUURUV ZKHQ WKH Q RULJLQDO ’08¶V/ L ; / L 4/5/11/
Q/ DUH LQGHSHQGHQWO\ VDPSOHG IURP )/ HYHQ WKRXJK WKH HIILFLHQF\ VFRUHV FRPSXWHG IURP WKH ;¶V
DUH GHSHQGHQW145
71 (PSLULFDO ,OOXVWUDWLRQ
,Q WKLV VHFWLRQ/ ZH ZLOO XVH D GDWD VHW IURP WKH KHDOWK FDUH V\VWHP LQ WKH 8QLWHG 6WDWHV WR LOOXVWUDWH
WKH SURFHGXUH SUHVHQWHG LQ 6HFWLRQ 61
714 7KH ’DWD 6HW
:H WDNH RXU GDWD VDPSOH IURP WKH ‡+RVSLWDO &RVW 5HSRUW ’DWD· IRU WKH ILVFDO \HDU 4<<704<<8
UHOHDVHG E\ WKH +HDOWK &DUH )LQDQFLQJ $GPLQLVWUDWLRQ¶V ++&)$,+ 6HH WKH $SSHQGL[= 7DEOH $4,1
7KHUH DUH 433 KRVSLWDOV LQ RXU VDPSOH1 7KH LQSXWV DQG RXWSXWV IRU WKH ’($ PRGHO DUH=
,QSXWV=
41 WKH QXPEHU RI IXOO WLPH HPSOR\HHV/
51 FRVWV+’ PLOOLRQ,>
2XWSXWV=
41 WKH QXPEHU RI SDWLHQW GD\V SURGXFHG E\ WKH KRVSLWDO/
51 WKH QXPEHU RI GLVFKDUJHV IURP WKH KRVSLWDO1
7KH IROORZLQJ GDWD ZLOO EH XVHG DV WKH H[SODQDWRU\ YDULDEOHV LQ WKH UHJUHVVLRQ PRGHO=
41 %(’6= WKH QXPEHU RI EHGV LQ WKH KRVSLWDO/ ZKLFK LV D PHDVXUHPHQW RI WKH VL]H RI WKH
KRVSLWDO>
51 )25352)= D GXPP\ YDULDEOH ZKHUH )25352)   4 LI WKH KRVSLWDO LV D IRU0SURILW KRVSLWDO/
)25352)   3 RWKHUZLVH>
61 7($&+= D GXPP\ YDULDEOH ZKHUH 7($&+   4 LI WKH KRVSLWDO LV D WHDFKLQJ KRVSLWDO / 7($&+
  3 RWKHUZLVH1
71 5(6= WKH QXPEHU RI UHVLGHQWV LQ WKH KRVSLWDO1
2QH RI WKH LQWHUHVWLQJ TXHVWLRQV DULVLQJ IURP WKLV GDWDVHW LV= ‡$UH WKH IRU0SURILW KRVSLWDOV PRUH
HIILFLHQW WKDQ WKH QRW0IRU0SURILW KRVSLWDOV"· (FRQRPLF WKHRU\ PLJKW VXJJHVW WKLV/ DQG WKH
LQGLYLGXDO WHVW IRU WKH FRHIILFLHQW RI )25352) LQ WKH UHJUHVVLRQ PRGHO ZLOO SURYLGH WKH HYLGHQFH
DERXW WKH K\SRWKHVLV1
715 0RGHO ’HVFULSWLRQ46
)LUVW/ IROORZLQJ WKH OLWHUDWXUH +3LQD DQG 7RUUHV 4<<5 DQG 7KDQDVVRXOLV 4<<6,/ ZH FKRRVH WR XVH D
FRQVWDQW UHWXUQV0WR0VFDOH/ LQSXW0RULHQWHG ’($ PRGHO +&&50,, IRU WKLV LOOXVWUDWLYH H[DPSOH1
+RZHYHU/ WKH PHWKRG SUHVHQWHG LQ 6HFWLRQ 6 LV LQGHSHQGHQW RI WKH FKRVHQ PRGHO RULHQWDWLRQ DQG
UHWXUQV0WR0VFDOH DVVXPSWLRQ DQG WKXV/ LV DSSOLFDEOH WR DQ\ RWKHU ’($ PRGHO HPSOR\HG E\ DQ
DQDO\VW1
6HFRQG/ ZH FKRRVH OLQHDU RUGLQDU\ OHDVW VTXDUH +2/6, UHJUHVVLRQ PRGHO LQ WKLV HPSLULFDO
LOOXVWUDWLRQ WR VLPSOLI\ WKH H[SRVLWLRQ1 +RZHYHU/ WKH PHWKRG SUHVHQWHG KHUH LV DSSOLFDEOH WR PDQ\
RWKHU W\SHV RI UHJUHVVLRQ PRGHOV1 $V ZH ZLOO VKRZ ODWHU/ WKH PDLQ UHDVRQ IRU FKRRVLQJ WKH OLQHDU
2/6 UHJUHVVLRQ PRGHO LV WKDW WKH 6KDSLUR0:LON QRUPDOLW\ WHVWV VKRZ WKDW ERWK WKH ’($ HIILFLHQF\
VFRUHV DQG WKH UHVLGXDOV IURP ILWWLQJ WKH OLQHDU 2/6 UHJUHVVLRQ PRGHO LQ RXU H[DPSOH DUH LQGHHG
DSSUR[LPDWHO\ QRUPDOO\ GLVWULEXWHG1
716 +\SRWKHVHV
,Q WKLV H[DPSOH/ ZH DUH LQWHUHVWHG LQ WKH IROORZLQJ IRXU K\SRWKHVHV=
+4, ,V WKH VL]H RI WKH KRVSLWDO D IDFWRU LQIOXHQFLQJ WKH HIILFLHQF\ RI WKH KRVSLWDO"
+5, ’ R H VW K HI D F WW K D WR Q HL VDI R U 0 SURILW KRVSLWDO RU QRW LQIOXHQFH WKH HIILFLHQF\ RI WKH KRVSLWDO"
+6, ’RHV WKH IDFW WKDW RQH LV D WHDFKLQJ KRVSLWDO RU QRW LQIOXHQFH WKH HIILFLHQF\ RI WKH KRVSLWDO"
+7, ,V WKH QXPEHU RI WKH UHVLGHQWV D IDFWRU LQIOXHQFLQJ WKH HIILFLHQF\ RI WKH KRVSLWDO"
,Q RUGHU WR DQVZHU WKHVH TXHVWLRQV/ ZH ILW WKH IROORZLQJ 2/6 UHJUHVVLRQ PRGHO=
/ 7 6 5 4 3 L L L L L L 5(6 7($&+ )25352) %(’6 H E E E E E T ￿ ￿ ￿ ￿ ￿   +4;,
DQG WHVW WKH IROORZLQJ K\SRWKHVLV FRQFHUQLQJ WKH UHJUHVVLRQ FRHIILFLHQWV=
+4, 3 = 4
4
3   E + / YV1 3 = 4
4 z E D + 1
+5, 3 = 5
5
3   E + / YV1 3 = 5
5 z E D + 1
+6, 3 = 6
6
3   E + / YV1 3 = 6
6 z E D + 1
+7, 3 = 7
7
3   E + / YV1 3 = 7
7 z E D + 147
717 $SSOLFDWLRQ RI WKH %RRWVWUDS 0HWKRG
6
7KH DSSOLFDWLRQ RI WKH ERRWVWUDS PHWKRG WR RXU DQDO\VLV FRQVLVWV RI WKH IROORZLQJ SKDVHV=
3KDVH 4= (VWLPDWH WKH SRLQW HVWLPDWH= P M M 111/ / 4 / 3 / ￿   E 1
5XQ WKH &&50, PRGHO ZLWK WKH REVHUYHG VDPSOH + Q [ [ [ / 111 1 / / 5 4 , DQG REWDLQ WKH HIILFLHQF\ VFRUHV
Q T T T 111/ / / 5 4 1 *HW WKH OHDVW0VTXDUHV HVWLPDWH M E ￿ IRU P M M 111/ / 4 / 3 /   E / E\ ILWWLQJ WKH OLQHDU 2/6
UHJUHVVLRQ PRGHO +4;, ZLWKLQ WKH REVHUYHG VDPSOH1
3KDVH 5= (VWLPDWH WKH VWDQGDUG HUURU RI WKH /6 HVWLPDWH M E ￿ = P M VH M 111/ / 5 / 4 / 3 ,/ ￿ +   E 1
6WHS 4= &RQVWUXFW WKH VDPSOH SUREDELOLW\ GLVWULEXWLRQ ) ￿ / DVVLJQLQJ SUREDELOLW\ RI 42433 DW HDFK
’08 LQ WKH REVHUYHG VDPSOH= 433 5 4 / 111 1 / / [ [ [ 1
6WHS 5= 7DNH 4333 UDQGRP VDPSOHV RI VL]H 433 ZLWK UHSODFHPHQW IURP WKH REVHUYHG VDPSOH RI
433 KRVSLWDOV1 7KHVH VDPSOHV DUH WKH %RRWVWUDS VDPSOHV1
6WHS 6= 5XQ WKH &&5 LQSXW0RULHQWHG ’($ PRGHO IRU HDFK %RRWVWUDS VDPSOH1
6WHS 7= :LWKLQ HDFK %RRWVWUDS VDPSOH/ ILW WKH IROORZLQJ OLQHDU 2/6 UHJUHVVLRQ PRGHO=
/ ￿ ￿ ￿ ￿ ￿ ￿
7 6 5 4 3 NL N NL N NL N NL N N NL 5(6 7($&+ )25352) %(’6 E E E E E T ￿ ￿ ￿ ￿   +4<,
IRU 4333 111/ / 5 / 4 > 433 111/ / 5 / 4     N L 1
+HUH NL T LV WKH ’($ HIILFLHQF\ VFRUH IRU +RVSLWDO L LQ %RRWVWUDS 6DPSOH N/ DQG NM E ￿ / M 3/ 4/ 5/
6/ 7/ DUH WKH %RRWVWUDS UHSOLFDWLRQV IRU M E ￿ LQ %RRWVWUDS 6DPSOH N1
6WHS 8= (VWLPDWH WKH VWDQGDUG HUURU , ￿ + M VH E E\ WKH VDPSOH VWDQGDUG GHYLDWLRQ RI WKH F %RRWVWUDS
UHSOLFDWLRQV=
6 7KH ’($ PRGHOV DUH VROYHG E\ *$06 DQG DOO WKH UHJUHVVLRQ DQDO\VLV LV FRPSOHWHG E\ 60SOXV/ D VWDWLVWLFDO
ODQJXDJH148
7 /111/ 4 / 3 / , 4 +
, ￿ +






























7 111/ / 4 /
￿









E / F 433/ 533/ «/ 43331 +54,
3KDVH 6= 8VH W0WHVW WR WHVW WKH LQGLYLGXDO K\SRWKHVLV ‡ 3 = 3   M + E ·D W 38 1 3   D VLJQLILFDQW
OHYHO ZLWK D WZR0VLGHG DOWHUQDWLYH ‡ 3 = z M D + E ·1
&DOFXODWH WKH WHVW VWDWLVWLF W DFFRUGLQJ WR +46,/ DQG WKHQ FRPSDUH WKH FDOFXODWHG W WR WKH FULWLFDO
YDOXH 358 1 3 W IURP WKH VWXGHQW W GLVWULEXWLRQ ZLWK GHJUHH RI IUHHGRP HTXDO WR +4330704,   <81 ,I
358 1 3 W W ! / UHMHFW WKH QXOO K\SRWKHVLV 3 = 3   M + E LQ IDYRU RI 3 = z M D + E / DQG FRQFOXGH
WKDW WKH MWK IDFWRU LQIOXHQFHV WKH KRVSLWDOV¶ HIILFLHQF\ DW 38 1 3   D VLJQLILFDQW OHYHO1 2WKHUZLVH/
WKH QXOO K\SRWKHVLV 3 = 3   M + E LV WHQDEOH DQG ZH FDQQRW UHMHFW WKH QXOO K\SRWKHVLV WKDW WKH MWK
IDFWRU GRHV QRW LQIOXHQFH WKH KRVSLWDOV¶ HIILFLHQF\ DW 38 1 3   D VLJQLILFDQW OHYHO1
718 5HVXOWV
)LUVW/ ZH ILW WKH OLQHDU 2/6 UHJUHVVLRQ PRGHO ZLWK WKH ’($ HIILFLHQF\ VFRUHV DQG WKH H[SODQDWRU\
YDULDEOHV FRUUHVSRQGLQJ WR WKH REVHUYHG VDPSOH +$SSHQGL[= 7DEOH $40$5,1 ,Q RUGHU WR FRPSDUH
WKH UHVXOWV IURP WKH GLUHFW UHJUHVVLRQ DQG WKH %RRWVWUDS PHWKRG SUHVHQWHG LQ 6HFWLRQ 6/ ZH WKHQ
WHVWHG WKH K\SRWKHVHV EDVHG RQ WKH UHVXOWV RI WKLV GLUHFW UHJUHVVLRQ1
,Q RUGHU WR FKRRVH WKH DSSURSULDWH UHJUHVVLRQ PRGHO/ ZH GLG QRUPDO TXDQWLOH DQG QRUPDO FXUYH











￿￿￿ ￿￿Ł￿￿￿ ￿ºŁ ￿Ł￿ ￿￿Ł ￿￿￿￿￿Ł ￿￿￿
￿Œ ￿º ￿￿ ￿ ￿ º Œ
1RUPDO 4XDQWLOH
)LJXUH ￿￿ 1RUPDO &XUYH DQG 1RUPDO 4XDQWLOH 3ORW IRU WKH ’($ (IILFLHQF\ 6FRUHV
,Q WKH QRUPDO TXDQWLOH SORW LQ )LJXUH 4/ WKH SRLQWV WHQG WR IROORZ D VWUDLJKW OLQH/ ZKLFK VXJJHVWV
WKDW WKH HIILFLHQF\ VFRUHV DUH QRUPDOO\ GLVWULEXWHG1 $V D PRUH ULJRURXV SURRI/ WKH UHVXOW IURP WKH
6KDSLUR0:LON QRUPDOLW\ WHVW FRQILUPHG WKH QRUPDOLW\ DVVXPSWLRQ DERXW WKH HIILFLHQF\ VFRUHV¶
GLVWULEXWLRQ1 7KH YDOXH RI WKH : VWDWLVWLF LV HTXDO WR 31<:3<94 DQG WKH 30YDOXH RI WKH WHVW LV
314955/ ZKLFK LV PXFK KLJKHU WKDQ 31381 7KHUHIRUH/ WKH QXOO K\SRWKHVLV DERXW WKH QRUPDOLW\
GLVWULEXWLRQ RI WKH ’($ HIILFLHQF\ VFRUHV LV FOHDUO\ QRW UHMHFWHG DW 38 1 3   D VLJQLILFDQW OHYHO1
+HQFH/ ZH FKRRVH WR ILW WKH OLQHDU RUGLQDU\ OHDVW VTXDUH UHJUHVVLRQ PRGHO1
,Q RUGHU WR GRXEOH FKHFN ZKHWKHU WKLV FKRLFH LV DSSURSULDWH RU QRW/ ZH WKHQ GLG QRUPDO TXDQWLOH
DQG QRUPDO FXUYH SORW +)LJXUH 5, DQG WKH 6KDSLUR0:LON QRUPDOLW\ WHVW IRU WKH UHVLGXDOV RI ’($










￿￿￿ ￿￿Ł￿￿￿ ￿ºŁ ￿Ł￿ ￿￿Ł ￿￿￿￿￿Ł ￿￿￿
￿Œ ￿º ￿￿ ￿ ￿ º Œ
1RUPDO 4XDQWLOH
)LJXUH º￿ 1RUPDO &XUYH DQG 1RUPDO 4XDQWLOH 3ORW IRU WKH 5HVLGXDOV RI WKH ’($ (IILFLHQF\ 6FRUHV
2QFH DJDLQ/ ZH VHH WKDW LQ WKH QRUPDO TXDQWLOH SORW/ WKH SRLQWV WHQG WR IROORZ D VWUDLJKW OLQH DQG
WKH PHDQ RI WKH UHVLGXDOV LV ]HUR/ ZKLFK VXJJHVWV WKDW WKH UHVLGXDOV RI WKH HIILFLHQF\ VFRUHV IROORZ
D QRUPDO GLVWULEXWLRQ ZLWK PHDQ ]HUR1 7KH YDOXH RI WKH : WHVW VWDWLVWLF IRU WKH 6KDSLUR0:LON
QRUPDOLW\ WHVW LV HTXDO WR ￿￿￿￿￿Œ￿￿ DQG WKH 30YDOXH RI WKH WHVW LV ￿￿￿Ø￿￿/ ZKLFK LV IDU PRUH WKDQ
31381 +HQFH/ WKH PRGHO DVVXPSWLRQ RI WKH OLQHDU 2/6 UHJUHVVLRQ PRGHO FRQFHUQLQJ WKH QRUPDO
GLVWULEXWLRQ RI WKH UHVLGXDOV LV VDWLVILHG1 7KLV YHULILHV WKH DSSURSULDWHQHVV RI WKH FKRLFH RI WKH
OLQHDU 2/6 PRGHO LQ RXU H[DPSOH1
7KH UHVXOWV RI WKH GLUHFW UHJUHVVLRQ DUH VXPPDUL]HG LQ 7DEOH 4+ ZH WHVW WKH K\SRWKHVHV DW
38 1 3   D VLJQLILFDQFH OHYHO ZLWK WZR0VLGHG DOWHUQDWLYHV,=4;
7DEOH 41 5HVXOWV RI ’LUHFW 5HJUHVVLRQ
(VWLPDWH 6WG1
(UURU
W YDOXH 3U + ! W , +\SRWKHVLV
7HVWLQJ
,17(5&(37 3193;7 313685 4:15:; 3
%(’6 313334 313334 31;459 3174;8 4
3 + WHQDEOH
)25352) 313<<8 31374; 516;67 3134<4 UHMHFW
5
3 +
7($&+ 031389 3136<6 041755: 3148;4 6
3 + WHQDEOH
5(6 031334 313336 06147;6 313355 UHMHFW
7
3 +
7KHQ ZH DSSOLHG WKH %RRWVWUDS PHWKRG SUHVHQWHG LQ 6HFWLRQ 6 ZLWK F   433/ 533/ «/ 4333> WKH
UHVXOWV DUH VKRZQ LQ 7DEOHV 5 WKURXJK 441
7DEOH 51 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 433 6DPSOHV
M E ￿
M E , ￿ + ￿ 433 M H V E W YDOXH 3Uı!_W_￿ +\SRWKHVLV 7HVWLQJ
,QWHUFHSW ￿￿￿￿￿Ø ￿￿￿Œ￿Ł ￿￿￿Œ￿Ł ￿￿￿￿Ø￿º ￿
%(’6 ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿ºŁ ￿￿ŒŒ￿º 4
3 + WHQDEOH
)25352) ￿￿￿￿￿Ł ￿￿￿￿￿￿ ￿￿￿Ł￿￿ ￿￿￿ØØ￿ ￿￿￿￿ØØ 5
3 + WHQDEOH
7($&+ ￿￿￿￿Ł￿ ￿￿￿￿Ł￿Ø ￿￿￿Œ￿ ￿￿￿ŁŁŒŒ ￿￿￿ºŒ￿ 6
3 + WHQDEOH
5(6 ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿º ￿Ø￿º￿￿￿ ￿ UHMHFW
7
3 +
7DEOH 61 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 533 6DPSOHV
M E ￿
M E , ￿ + ￿ 533 M H V E W YDOXH 3Uı!_W_￿ +\SRWKHVLV 7HVWLQJ
,QWHUFHSW ￿￿￿￿￿Ø ￿￿￿Œ￿￿ ￿￿￿Œ￿￿ ￿￿￿￿º￿Ø ￿
%(’6 ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿Œ￿￿￿ 4
3 + WHQDEOH
)25352) ￿￿￿￿￿Ł ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿ 5
3 + WHQDEOH
7($&+ ￿￿￿￿Ł￿ ￿￿￿￿Ł￿￿ ￿￿￿ŒŁŒ ￿￿￿Ł￿Ø ￿￿￿￿￿Ł 6
3 + WHQDEOH
5(6 ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿º ￿Ø￿ºŁØ￿ ￿ UHMHFW
7
3 +4<
7DEOH 71 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 633 6DPSOHV
M E ￿
M E , ￿ + ￿ 633 M H V E W YDOXH 3Uı!_W_￿ +\SRWKHVLV 7HVWLQJ
,QWHUFHSW ￿￿￿￿￿Ø ￿￿￿Œ￿Ł ￿￿￿Ø￿￿ ￿Ø￿￿￿Ł￿ ￿
%(’6 ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿ºº ￿￿ŒŒ￿Ø 4
3 + WHQDEOH
)25352) ￿￿￿￿￿Ł ￿￿￿￿￿￿ ￿￿￿￿￿Œ ￿￿￿Ø￿Ø ￿￿￿￿ºØ 5
3 + WHQDEOH
7($&+ ￿￿￿￿Ł￿ ￿￿￿￿ŁŒ￿ ￿￿￿ŒŁ￿ ￿￿￿Ł￿Œ￿ ￿￿￿￿￿ 6
3 + WHQDEOH
5(6 ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿º ￿Ø￿Œ￿￿￿ ￿ UHMHFW
7
3 +
7DEOH 81 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 733 6DPSOHV
M E ￿
M E , ￿ + ￿ 733 M H V E W YDOXH 3Uı!_W_￿ +\SRWKHVLV 7HVWLQJ
,QWHUFHSW ￿￿￿￿￿Ø ￿￿￿Œ￿￿ ￿￿￿Ø￿￿ ￿Ø￿￿￿￿º ￿
%(’6 ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿ŒØº ￿￿ŒŁº￿ 4
3 + WHQDEOH
)25352) ￿￿￿￿￿Ł ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿º￿￿ ￿￿￿￿￿￿ 5
3 + WHQDEOH
7($&+ ￿￿￿￿Ł￿ ￿￿￿￿Łº￿ ￿￿￿Œ￿ ￿￿￿ŁŁØ￿ ￿￿￿ºŒŒ 6
3 + WHQDEOH
5(6 ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿º ￿Ø￿Ø￿￿Œ ￿ UHMHFW
7
3 +
7DEOH 91 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 833 6DPSOHV
M E ￿
M E , ￿ + ￿ 833 M H V E W YDOXH 3Uı!_W_￿ +\SRWKHVLV 7HVWLQJ
,QWHUFHSW ￿￿￿￿￿Ø ￿￿￿Œ￿Ø ￿￿￿Ø￿￿ ￿Ø￿￿Ł￿º ￿
%(’6 ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿Œ￿Ø ￿￿ŒŁ￿Ø 4
3 + WHQDEOH
)25352) ￿￿￿￿￿Ł ￿￿￿￿￿￿ ￿￿￿￿º￿ ￿￿Ł￿ŒŒ ￿￿￿￿￿￿ 5
3 + WHQDEOH
7($&+ ￿￿￿￿Ł￿ ￿￿￿￿ŁŒº ￿￿￿Œ￿º ￿￿￿Ł￿º￿ ￿￿￿Œ￿Œ 6
3 + WHQDEOH
5(6 ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿º ￿Ø￿º￿ØŒ ￿ UHMHFW
7
3 +53
7DEOH :1 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 933 6DPSOHV
M E ￿
M E , ￿ + ￿ 933 M H V E W YDOXH 3Uı!_W_￿ +\SRWKHVLV 7HVWLQJ
,QWHUFHSW ￿￿￿￿￿Ø ￿￿￿Œ￿Ø ￿￿￿Ø￿￿ ￿Ø￿ŁŁ￿º ￿
%(’6 ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿ŒŁŁ ￿￿ŒŁ￿￿ 4
3 + WHQDEOH
)25352) ￿￿￿￿￿Ł ￿￿￿￿￿ ￿￿￿￿º￿ ￿￿Ł￿º￿ ￿￿￿￿￿￿ 5
3 + WHQDEOH
7($&+ ￿￿￿￿Ł￿ ￿￿￿￿ŁŒ￿ ￿￿￿Œ￿￿ ￿￿￿Ł￿￿￿ ￿￿￿ŒØ￿ 6
3 + WHQDEOH
5(6 ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿º ￿Ø￿º￿￿º ￿ UHMHFW
7
3 +
7DEOH ;1 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & :33 6DPSOHV
M E ￿
M E , ￿ + ￿ :33 M H V E W YDOXH 3Uı!_W_￿ +\SRWKHVLV 7HVWLQJ
,QWHUFHSW ￿￿￿￿￿Ø ￿￿￿Œ￿Œ ￿￿￿ØºØ ￿Ø￿ŒØŒ￿ ￿
%(’6 ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿Œ￿￿ ￿￿ŒŁ￿￿ 4
3 + WHQDEOH
)25352) ￿￿￿￿￿Ł ￿￿￿￿￿Ł ￿￿￿￿ºŒ ￿￿Ł￿￿￿ ￿￿￿￿ŒØ 5
3 + WHQDEOH
7($&+ ￿￿￿￿Ł￿ ￿￿￿￿ŁØŒ ￿￿￿Œ￿￿ ￿￿￿Ł￿￿￿ ￿￿￿ŒŁ 6
3 + WHQDEOH
5(6 ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿º ￿Ø￿º￿￿￿ ￿ UHMHFW
7
3 +
7DEOH <1 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & ;33 6DPSOHV
M E ￿
M E , ￿ + ￿ ;33 M H V E W YDOXH 3Uı!_W_￿ +\SRWKHVLV 7HVWLQJ
,QWHUFHSW ￿￿￿￿￿Ø ￿￿￿Œ￿Ł ￿￿￿Ø￿￿ ￿Ø￿Ł￿º￿ ￿
%(’6 ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿ØŒ￿ ￿￿ŒØ￿￿ 4
3 + WHQDEOH
)25352) ￿￿￿￿￿Ł ￿￿￿￿￿º ￿￿￿￿￿￿ ￿￿￿￿Œ￿ ￿￿￿￿ 5
3 + WHQDEOH
7($&+ ￿￿￿￿Ł￿ ￿￿￿￿ŁØØ ￿￿￿Œ￿ ￿￿￿Ł￿º￿ ￿￿￿ŒŒ￿ 6
3 + WHQDEOH
5(6 ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿º ￿Ø￿Œ￿Ø￿ ￿ UHMHFW
7
3 +54
7DEOH 431 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & <33 6DPSOHV
M E ￿
M E , ￿ + ￿ <33 M H V E W YDOXH 3Uı!_W_￿ +\SRWKHVLV 7HVWLQJ
,QWHUFHSW ￿￿￿￿￿Ø ￿￿￿Œ￿￿ ￿￿￿Ø￿￿ ￿Ø￿Ł￿Œ￿ ￿
%(’6 ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿Ø￿ ￿￿ŒØŁŁ 4
3 + WHQDEOH
)25352) ￿￿￿￿￿Ł ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿Œ￿￿ ￿￿￿￿ØØ 5
3 + WHQDEOH
7($&+ ￿￿￿￿Ł￿ ￿￿￿￿ŁØ￿ ￿￿￿Œ￿￿ ￿￿￿ŁŒ￿￿ ￿￿￿º￿Œ 6
3 + WHQDEOH
5(6 ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿º ￿Ø￿º￿Ł￿ ￿ UHMHFW
7
3 +
7DEOH 441 5HVXOWV RI %RRWVWUDS 5HJUHVVLRQ ZLWK & 4333 6DPSOHV
M E ￿
M E , ￿ + ￿ 4333 M H V E W YDOXH 3Uı!_W_￿ +\SRWKHVLV 7HVWLQJ
,QWHUFHSW ￿￿￿￿￿Ø ￿￿￿Œ￿￿ ￿￿￿ØºŒ ￿Ø￿Œ￿￿Ø ￿
%(’6 ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿Ł ￿￿ŒØØŁ 4
3 + WHQDEOH
)25352) ￿￿￿￿￿Ł ￿￿￿￿￿￿ ￿￿￿￿￿￿ ￿￿￿ŒØŁ ￿￿￿￿ŁŁ 5
3 + WHQDEOH
7($&+ ￿￿￿￿Ł￿ ￿￿￿￿ŁŁº ￿￿￿Œ￿Ł ￿￿￿ŁŒ￿￿ ￿￿￿º￿￿ 6
3 + WHQDEOH
5(6 ￿￿￿￿￿￿ ￿￿￿￿￿￿￿ ￿￿￿￿￿º ￿Ø￿º￿￿Œ ￿ UHMHFW
7
3 +
&RPSDULQJ WKH UHVXOWV LQ 7DEOHV 5044 DQG WKH UHVXOWV LQ 7DEOH 4/ RQH VLJQLILFDQW FKDQJH RFFXUV LQ
WKH K\SRWKHVLV WHVWLQJ FRQFHUQLQJ )25352)=
3 = 5
5
3   E + 1




5 z E D + 1
:KHWKHU RU QRW RQH LV D IRU0SURILW KRVSLWDO ’2(6 VLJQLILFDQWO\ LQIOXHQFH WKH HIILFLHQF\ RI WKH
KRVSLWDO155
7KH FRQFOXVLRQ GUDZQ IURP WKH %RRWVWUDS PHWKRG LV LQ VKDUS FRQWUDVW WR WKH RQH GUDZQ IURP WKH
GLUHFW UHJUHVVLRQ PHWKRG1 7KH 30YDOXH IRU WKH W0WHVW IURP GLUHFW UHJUHVVLRQ VKRZQ LQ 7DEOH 4 LV
3134<4/ ZKLFK OHDGV WR WKH UHMHFWLRQ RI WKH QXOO K\SRWKHVLV
5
3 + ZKLOH LQ IDYRU RI
5
D + DW
WKH 38 1 3   D VLJQLILFDQW OHYHO1 7KXV/ WKH FRQFOXVLRQ LV WKDW IRU0SURILW KRVSLWDOV DUH PRUH HIILFLHQW1
+RZHYHU/ DV VKRZQ LQ 7DEOHV 5044/ WKH 30YDOXHV IRU WKH W0WHVW DUH YHU\ VWDEOH DQG DUH DURXQG 31441
,Q WKH 4333 VDPSOHV FDVH/ WKH 30YDOXH LV 314388/ ZKLFK LV DERXW 81857 WLPHV WKH 30YDOXH RI 3134<4
LQ 7DEOH 4 DQG PXFK KLJKHU WKDQ 31381 +HQFH/ WKH QXOO K\SRWKHVLV VKRXOG EH WHQDEOH DW WKH
38 1 3   D VLJQLILFDQW OHYHO1 :H PXVW WKHUHIRUH FRQFOXGH WKDW WR EH D IRU0SURILW KRVSLWDO RU QRW PD\
QRW LQIOXHQFH WKH HIILFLHQF\ RI WKH KRVSLWDO/ ZKLFK LV LQ VKDUS FRQWUDVW WR WKH LQFRUUHFW FRQFOXVLRQ
GUDZQ E\ WKH FRPPRQO\ XVHG GLUHFW UHJUHVVLRQ PHWKRG1
,Q WKLV H[DPSOH/ WKH WKHRUHWLFDOO\ FRUUHFW ERRWVWUDS PHWKRG \LHOGV FRQFOXVLRQV WKDW DUH
TXDOLWDWLYHO\ GLIIHUHQW IURP WKH FRPPRQO\ XVHG/ EXW QRQHWKHOHVV LQFRUUHFW/ GLUHFW UHJUHVVLRQ
PHWKRG1
719 $QDO\VLV RI 5HVXOWV
&RPSDULQJ 7DEOH 4 DQG 7DEOHV 5044/ ZH ILQG WKDW WKH %RRWVWUDS HVWLPDWLRQV IRU WKH VWDQGDUG HUURU
IRU WKH FRHIILFLHQW HVWLPDWH RI )25352)/ , ￿ + ￿ 5 E F H V / ZKHQ F  433/ 533/ «/ 4333/ DUH DOO PXFK
ODUJHU WKDQ WKH YDOXH RI WKH FRQYHQWLRQDO HVWLPDWRU JLYHQ E\ WKH GLUHFW UHJUHVVLRQ/ , ￿ + ￿ 5 E H V 1
$FWXDOO\/ LW LV WKLV ODUJHU VWDQGDUG HUURU HVWLPDWH WKDW FDXVHG WKH ORZHU W0UDWLR DQG WKH KLJKHU 30
YDOXH/ WKXV OHDGLQJ WR WKH FKDQJH LQ RXU K\SRWKHVLV WHVWLQJ1
7KH %RRWVWUDS PHWKRG VXJJHVWV WKDW WKH SRLQW HVWLPDWH RI 5 ￿ E LV QRW VR VWDEOH DV LQGLFWHG E\ WKH
UHVXOWV RI WKH GLUHFW UHJUHVVLRQ PHWKRG1 ,V WKLV WUXH DQG KRZ FRXOG LW KDSSHQ"
,Q WKH RULJLQDOO\ REVHUYHG VDPSOH/ WKHUH DUH 48 IRU0SURILW KRVSLWDOV DQG ;8 QRW0IRU0SURILW KRVSLWDOV
+VHH 7DEOH $4 LQ WKH $SSHQGL[,1 :KHQ ZH HYDOXDWH WKH HIILFLHQF\ IRU WKH KRVSLWDOV ZLWKLQ WKH
REVHUYHG VDPSOH ZLWK WKH &&50, PRGHO/ WKHUH DUH RQO\ WKUHH HIILFLHQW KRVSLWDOV/ ZKLFK DUH
+RVSLWDO 84/ +RVSLWDO 88 DQG +RVSLWDO :7 +7DEOH $5 LQ WKH $SSHQGL[,1 $V HFRQRPLF WKHRU\ PLJKW56
VXJJHVW/ WZR RXW RI WKH WKUHH HIILFLHQW KRVSLWDOV DUH IRU0SURILW KRVSLWDOV= +RVSLWDO 84 DQG +RVSLWDO
:71 +HQFH/ WKHVH WZR KRVSLWDOV KDYH D VWURQJ HIIHFW RQ WKH HIILFLHQF\ VFRUHV RI PDQ\ RWKHU
KRVSLWDOV1 7KH GHSHQGHQFH EHWZHHQ WKH HIILFLHQF\ VFRUHV LV FUHDWHG LQ SDUW/ E\ WKHVH KRVSLWDOV1
7R PDNH WKLV LQVLJKW PRUH WDQJLEOH/ OHW XV WDNH D ORRN DW WKH ILUVW ILYH ERRWVWUDS VDPSOHV DQG ZKDW
KDSSHQV WR WKH HIILFLHQF\ VFRUHV IRU MXVW WHQ RI WKH 433 KRVSLWDOV1 7KH WHQ KRVSLWDOV DQG WKHLU
HIILFLHQF\ VFRUHV LQ HDFK VDPSOH DV ZHOO DV LQ WKH REVHUYHG VDPSOH FUHDWHG LQ 3KDVH 4 RI WKH
DQDO\VLV DUH VKRZQ LQ 7DEOH 451













￿º ￿￿￿Œ ￿￿￿Œ ￿￿￿￿ ￿￿￿Œ ￿￿￿Œ ￿￿￿Œ
￿￿ ￿￿Ø￿ ￿￿Ø￿ ￿￿Ł￿ ￿￿Ł￿ ￿￿Ø￿ ￿￿Ł￿
Œ￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿ ￿￿￿￿
Œ￿ ￿￿Ø￿ ￿￿Ø￿ ￿￿Ø￿ ￿￿Ø￿ ￿￿Ø￿ ￿￿Ø￿
Ø￿ ￿￿ŁŒ ￿￿ŁŒ ￿￿Ł￿ ￿￿ŁŁ ￿￿ŁŒ ￿￿ŁØ
Ł Ł ￿￿ ￿￿ ￿ ￿
￿Œ ￿￿￿Œ ￿￿￿Œ ￿￿￿￿ ￿￿￿Œ ￿￿￿Œ ￿￿￿Œ
￿Ł ￿￿Łº ￿￿Łº ￿￿ŁŁ ￿￿Łº ￿￿Łº ￿￿Łº
￿Ø ￿￿￿Ø ￿￿￿Ø ￿￿￿￿ ￿￿￿Ø ￿￿￿Ø ￿￿￿Ø
￿￿ ￿￿￿Ł ￿ ￿ ￿ ￿ ￿
,V +RVSLWDO ŁŁ
LQFOXGHG"
<HV <HV <HV <HV <HV <HV
,V +RVSLWDO Ł￿
LQFOXGHG"
<HV <HV 1R <HV <HV <HV
,V +RVSLWDO ￿Ø
LQFOXGHG"
<HV <HV 1R 1R <HV 1R
,V +RVSLWDO ￿￿
LQFOXGHG"
<HV 1R <HV 1R 1R <HV
1RWH= ‡2 · LQ WKH WDEOH PHDQV WKDW WKH KRVSLWDO LV QRW LQFOXGHG LQ WKDW VDPSOH157
)URP 7DEOH 45/ ZH ILQG=
+4, +RVSLWDO 88 LV HYDOXDWHG DV HIILFLHQW LQ HDFK RI WKH ILYH %RRWVWUDS VDPSOHV1 7KLV LV UHDVRQDEOH
VLQFH +RVSLWDO 88 LV RQ WKH HIILFLHQF\ VXUIDFH HYHQ LQ WKH REVHUYHG VDPSOH1
+5, :KHQ DOO WKH WKUHH HIILFLHQW KRVSLWDOV DUH LQ WKH %RRWVWUDS VDPSOH +H1J1/ %RRWVWUDS 6DPSOH 4
DQG %RRWVWUDS 6DPSOH 7,/ DOO WKH KRVSLWDOV LQFOXGHG LQ WKH %RRWVWUDS VDPSOH KDYH WKH VDPH
LQGLYLGXDO HIILFLHQF\ VFRUHV DV LQ WKH REVHUYHG VDPSOH1
+6, +RZHYHU/ ZKHQ QHLWKHU RI WKH WZR HIILFLHQW IRU0SURILW KRVSLWDOV LV LQFOXGHG LQ WKH %RRWVWUDS
VDPSOH +H1J1/ %RRWVWUDS 6DPSOH 5,/ ODUJH FKDQJHV RFFXU WR DOO WKH LQHIILFLHQW KRVSLWDOV¶
HIILFLHQF\ VFRUHV1 :KHQ WKHVH WZR KRVSLWDOV DUH UHPRYHG/ WKH RWKHU KRVSLWDOV VHHP WR EH PRUH
HIILFLHQW1 7KH FKDQJHV UDQJH IURP 3136 WR 3138/ ZLWK DQ DYHUDJH RI 3136:;1
+7, :KHQ RQH RI WKH WZR HIILFLHQW IRU0SURILW KRVSLWDOV +LQ WKLV FDVH/ +RVSLWDO :7,/ LV QRW LQFOXGHG
LQ WKH %RRWVWUDS VDPSOH +H1J1/ %RRWVWUDS 6DPSOH 6 DQG %RRWVWUDS 6DPSOH 8,/ QRWLFHDEOH
FKDQJHV KDSSHQ WR WKH HIILFLHQF\ VFRUHV RI +RVSLWDO 49 DQG +RVSLWDO 7;1 &RPSDUHG WR WKHLU
HIILFLHQF\ VFRUHV LQ WKH REVHUYHG VDPSOH/ WKH FKDQJH UDQJHV IURP 3134 WR 313</ UHVSHFWLYHO\1
+8, 7KH HIILFLHQF\ VFRUH IRU +RVSLWDO 93/ Z K L F KL VD O V RDI R U 0 SURILW KRVSLWDO/ LQ WKH RULJLQDO VDPSOH
LV HYDOXDWHG DV 31<8/ ZKLFK VXJJHVWV WKDW +RVSLWDO 93 LV QRW RQ WKH HIILFLHQF\ VXUIDFH EXW YHU\
FORVH WR LW1 ,Q %RRWVWUDS 6DPSOH 5 DQG 8/ +RVSLWDO 93 LV LQFOXGHG1 %HFDXVH +RVSLWDO 84 DQG
+RVSLWDO :7 DUH UHPRYHG IURP %RRWVWUDS 6DPSOH 5 ZKLOH +RVSLWDO :7 LV UHPRYHG IURP
%RRWVWUDS 6DPSOH 8 DORQH/ +RVSLWDO 93 LV QRZ RQ WKH QHZ HIILFLHQF\ VXUIDFH DQG HYDOXDWHG DV
HIILFLHQW LQ %RRWVWUDS 6DPSOH 5 DQG %RRWVWUDS 6DPSOH 81
+9, 1RWLFH WKDW QRW RQO\ WKH RULJLQDOO\ HIILFLHQW KRVSLWDOV FDQ LQIOXHQFH WKH RULJLQDOO\ LQHIILFLHQW
KRVSLWDOV/ EXW LW LV DOVR SRVVLEOH IRU WKH RULJLQDOO\ LQHIILFLHQW RQHV WR LQIOXHQFH WKH RWKHU
LQHIILFLHQW ’08V ZKHQ WKH HIILFLHQF\ VXUIDFH PRYHV1 &RPSDULQJ %RRWVWUDS 6DPSOH 6 DQG
6DPSOH 8/ ZH QRWLFH WKDW +RVSLWDO 49 KDV HIILFLHQW VFRUH RI 318: LQ 6DPSOH 6 ZKLOH KDYLQJ D
ORZHU HIILFLHQF\ VFRUH RI 3184 LQ 6DPSOH 8/ HYHQ WKRXJK LQ WKHVH WZR VDPSOHV/ ERWK +RVSLWDO
84 DQG +RVSLWDO 88 DUH LQFOXGHG ZKLOH +RVSLWDO :7 LV H[FOXGHG1 8SRQ FORVHU H[DPLQDWLRQ/ ZH
ILQG WKDW +RVSLWDO 93 LV LQFOXGHG LQ %RRWVWUDS 6DPSOH 6 EXW QRW LQ %RRWVWUDS 6DPSOH 81 ,Q
%RRWVWUDS 6DPSOH 5 DQG %RRWVWUDS 6DPSOH 8/ LQ ZKLFK +RVSLWDO 93 LV HYDOXDWHG DV HIILFLHQW
SDUWO\ GXH WR WKH UHPRYDO RI VRPH RI WKH WKUHH RULJLQDOO\ HIILFLHQW RQHV/ +RVSLWDO 49 KDV WKH
VDPH HIILFLHQF\ VFRUH RI 31841 %XW LQ %RRWVWUDS 6DPSOH 6/ ZKLOH +RVSLWDO 93 LV UHPRYHG/
+RVSLWDO 49¶V HIILFLHQF\ VFRUH JRHV XS WR 318:1 7KLV VXJJHVWV WKDW WKH HIILFLHQF\ VFRUH RI
+RVSLWDO 49 LV LQIOXHQFHG E\ WKH RULJLQDOO\ LQHIILFLHQW +RVSLWDO 93 LQ DGGLWLRQ WR EHLQJ
LQIOXHQFHG E\ WKH WKUHH RULJLQDOO\ HIILFLHQW RQHV1 7KLV VKRZV WKDW LQ WHUPV RI WKH ’($58
HIILFLHQF\ VFRUHV/ WKH GHSHQGHQF\ H[LVWV QRW RQO\ EHWZHHQ WKH HIILFLHQW KRVSLWDOV DQG WKH
LQHIILFLHQW RQHV/ EXW DOVR DPRQJ WKH LQHIILFLHQW RQHV1
$OO WKHVH FKDQJHV KDSSHQLQJ KHUH DUH GLUHFWO\ RU LQGLUHFWO\ UHODWHG WR ZKHWKHU WKHVH WZR HIILFLHQW
IRU0SURILW KRVSLWDOV DUH LQFOXGHG LQ WKH %RRWVWUDS VDPSOH RU QRW1 :KHQ RQH RU ERWK RI WKH WZR
HIILFLHQW IRU0SURILW KRVSLWDOV DUH QRW LQFOXGHG LQ WKH %RRWVWUDS VDPSOH/ WKH HIILFLHQF\ VXUIDFH
PRYHV/ ZKLFK FDXVHV GUDPDWLF FKDQJHV RI WKH LQHIILFLHQW KRVSLWDOV¶ HIILFLHQF\ VFRUHV1 $V ZH FDQ
VHH/ WKH LQKHUHQW GHSHQGHQF\ DPRQJ WKH KRVSLWDOV¶ HIILFLHQF\ VFRUHV/ HVSHFLDOO\ WKH IDFW WKDW WKH
LQHIILFLHQW KRVSLWDOV¶ HIILFLHQF\ VFRUHV KHDYLO\ GHSHQG RQ WKH IHZ HIILFLHQW RQHV/ UHVXOWHG LQ ELJ
YDULDWLRQV RI WKH ’($ HIILFLHQF\ VFRUHV LQ WKH VHW1 *LYHQ WKDW ZH KDYH RQO\ H[DPLQHG D VPDOO
VXEVHW RI WKH KRVSLWDOV DQG WKH %RRWVWUDS VDPSOHV/ W K HY D U L D W L R Q VZ HV H HD U HT X L W HU H P D U N D E O H 1
:KHQ ZH ILW WKH UHJUHVVLRQ PRGHO/ ZH WU\ WR H[SODLQ WKH YDULDWLRQ RI ’($ HIILFLHQF\ VFRUHV E\ WKH
GLIIHUHQFHV LQ WKH H[SODQDWRU\ YDULDEOHV1 $V GLVFXVVHG DERYH/ D ODUJH SRUWLRQ RI WKH YDULDWLRQ RI
WKH ’($ HIILFLHQF\ VFRUHV LV UHODWHG WR WKH WZR HIILFLHQW/ IRU0SURILW KRVSLWDOV1 &RQVHTXHQWO\/ WKH
FRHIILFLHQW HVWLPDWH RI )25352)/ 5 ￿ E ZLOO DOVR EH VWURQJO\ LQIOXHQFHG E\ WKH WZR HIILFLHQW IRU0
SURILW KRVSLWDOV1 7KLV LPSOLHV WKDW 5 ￿ E FDQQRW EH DV VWDEOH DV ZKDW LV LQGLFDWHG E\ , ￿ + ￿ 5 E H V / WKH
HVWLPDWLRQ RI WKH VWDQGDUG HUURUV RI 5 ￿ E JLYHQ E\ WKH GLUHFW UHJUHVVLRQ1 7KLV NLQG RI LQVWDELOLW\ RI
5 ￿ E / ZKLFK LV HVVHQWLDOO\ FDXVHG E\ WKH LQKHUHQW GHSHQGHQF\ RI WKH ’($ HIILFLHQF\ VFRUHV/ LV
FRUUHFWO\ H[SODLQHG E\ , ￿ + ￿ 5 E F H V / WKH %RRWVWUDS HVWLPDWRU IRU , ￿ + 5 E VH 1 %HFDXVH WKH LQKHUHQW
GHSHQGHQF\ H[LVWV DPRQJ WKH ’08V LQ WHUPV RI WKHLU HIILFLHQF\ VFRUHV/ ZKHQ %RRWVWUDS
SHULRGLFDOO\ GLVFDUGV WKH HIILFLHQW KRVSLWDOV IURP WKH VDPSOH/ ODUJH FKDQJHV LQ WKH HIILFLHQF\
VFRUHV RFFXUUHG DQG DUH FRUUHFWO\ FDSWXUHG LQ WKH VWDQGDUG HUURU HVWLPDWLRQV SURYLGHG E\ WKH
%RRWVWUDS HVWLPDWRU1 7KHUHIRUH/ LQ WKLV VHQVH/ WKH %RRWVWUDS PHWKRG SUHVHQWHG LQ 6HFWLRQ 6 LV
VKRZQ WR ZRUN VDWLVIDFWRULO\ LQ WHUPV RI RYHUFRPLQJ WKH LQKHUHQW GHSHQGHQF\ SUREOHP LQ WKH
UHJUHVVLRQ DQDO\VLV RI WKH YDULDWLRQV RI WKH ’($ HIILFLHQF\ VFRUHV159
81 6XPPDU\
,Q WKLV SDSHU/ ZH XVH WKH %RRWVWUDS PHWKRG WR REWDLQ D WKHRUHWLFDOO\ DSSURSULDWH VROXWLRQ WR WKH
SUREOHP SRVHG LQ WKH UHJUHVVLRQ DQDO\VLV RI WKH ’($ HIILFLHQF\ VFRUHV GXH WR WKH LQKHUHQW
GHSHQGHQF\ DPRQJ WKH ’08V¶ HIILFLHQF\ VFRUHV1 :LWK WKH KHOS RI %RRWVWUDS/ ZH VKRZHG WKDW WKH
EURNHQ EULGJH FRQQHFWLQJ D UHODWLYHO\ QHZ DQG SURPLVLQJ QRQ0SDUDPHWULF DQDO\VLV PHWKRG/ ’($/
DQG RQH RI WKH ROGHVW DQG PRVW SRZHUIXO SDUDPHWULF DQDO\VLV PHWKRGV/ UHJUHVVLRQ DQDO\VLV/ FRXOG
EH IL[HG1 $V VKRZQ LQ 6HFWLRQ 5 DQG 6HFWLRQ 6/ WKH SURFHGXUH DQG WKHRU\ RI WKH %RRWVWUDS PHWKRG
UHTXLUH RQO\ WKH UDQGRPQHVV RI WKH REVHUYHG VDPSOH1 ,Q RXU FDVH/ WKLV UHTXLUHV WKH LQGHSHQGHQFH
DPRQJ WKH ’08V LQ WHUPV RI WKHLU LQSXWV/ RXWSXWV/ DQG WKH H[SODQDWRU\ YDULDEOHV EXW QRW WKH
LQGHSHQGHQFH RI WKHLU ’($ HIILFLHQF\ VFRUHV1 %\ VKRZLQJ WKDW HDFK UHJUHVVLRQ FRHIILFLHQW
HVWLPDWH LV HVVHQWLDOO\ D SURMHFWLRQ RI WKH UDQGRP VDPSOH IURP D SRSXODWLRQ ZLWK XQNQRZQ
GLVWULEXWLRQ/ ZH DUH QR ORQJHU ERXQGHG E\ WKH GHSHQGHQF\ SUREOHP DQG WKXV/ DUH DEOH WR XVH WKH
%RRWVWUDS PHWKRG WR HVWLPDWH WKH VWDQGDUG HUURUV RI WKH UHJUHVVLRQ FRHIILFLHQW HVWLPDWHV1
$FNQRZOHGJPHQWV
7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ XQGHU JUDQWV 6%5 <9035386 DQG
’0,0<967;3; DQG E\ WKH :KDUWRQ )LQDQFLDO ,QVWLWXWLRQV &HQWHU1 7KH DVVLVWDQFH DQG DGYLFH RI
3URIHVVRUV 3DXO 5RVHQEDXP DQG 6HDQ 1LFKROVRQ ZDV LQGLVSHQVDEOH LQ WKH FRPSOHWLRQ RI WKLV
UHVHDUFK1 2I FRXUVH/ DOO HUURUV RI RPLVVLRQ DQG FRPPLVVLRQ DUH WKH UHVSRQVLELOLW\ RI WKH DXWKRUV15:
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$QDO\VLV= 7KHRU\/ 0HWKRGRORJ\/ DQG $SSOLFDWLRQV/ .OXZHU $FDGHPLF 3XEOLVKHUV +4<<7,/ 65<06841
3LQD/ 91 DQG /1 7RUUHV/% (YDOXDWLQJ WKH (IILFLHQF\ RI 1RQSURILW 2UJDQL]DWLRQV= $Q $SSOLFDWLRQ RI
’DWD (QYHORSPHQW $QDO\VLV WR WKH 3XEOLF +HDOWK 6HUYLFH%/ )LQDQFLDO $FFRXQWDELOLW\ )
0DQDJHPHQW/ ; +6, +4<<5,/ 54605571
5D\/ 61 &1/ ‡5HVRXUFH–XVH (IILFLHQF\ LQ 3XEOLF 6FKRROV= $ 6WXG\ RI &RQQHFWLFXW ’DWD·/
0DQDJHPHQW 6FLHQFH/ 6: +4<<4,/ 49530495;1
6LPDU/ /1 DQG 31 /1 :LOVRQ/ ‡6HQVLWLYLW\ $QDO\VLV RI (IILFLHQF\ 6FRUHV= +RZ WR %RRWVWUDS LQ 1RQ0
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+RVSLWDO )7( &RVWVıøPLOOLRQ￿ 37’$<6 ’,6&+ %(’6 )25352) 7($&+ 5(6
ØŒ ￿º￿￿￿￿ ￿￿￿Ø ￿￿￿￿￿ ￿￿￿￿￿ Œº￿ ￿ ￿ ￿￿ºŁ
ØØ º￿Ł￿Ł ºŒ￿￿ ￿￿Ø￿Œ º￿￿Œ ￿ŒŁ ￿ ￿ ￿
ØŁ ￿￿Œ￿￿Œ￿ ￿￿￿￿ ØŒØ￿￿ ￿Ø￿￿ ºŒŁ ￿ ￿ ￿￿ØØ
Ø￿ ￿Œ￿Ø￿￿￿ ￿Ł￿Ł ￿Øº￿￿ ￿￿￿￿º º￿Ø ￿ ￿ ￿
Ø￿ ￿ŁŒ￿Ł￿ Ø￿￿￿ Ø￿￿ŒØ ￿￿ŁŁŒ º￿￿ ￿ ￿ ￿
Ø￿ Ł￿￿￿￿￿ Ø￿￿￿ ºØ￿￿￿ ŁØ￿￿ ￿Œº ￿ ￿ ￿
Ø￿ ￿ØØ Ł￿￿￿ Œ￿￿￿Œ ￿￿￿Ø º￿￿ ￿ ￿ ￿
Ł￿ Œ￿￿￿ŁŁ ￿￿￿￿ ºº￿￿Œ Ø￿Ł￿ ￿ØŒ ￿ ￿ ￿
Ł￿ Ø￿Ø￿￿￿ Œº￿￿ º￿Ł￿￿ ￿￿￿￿ ￿￿￿ ￿ ￿ ￿
Łº Œ￿￿￿￿ º￿￿Ø º￿￿￿º ØºØ￿ ￿￿￿ ￿ ￿ ￿
ŁŒ Œ￿Ø￿º Œ￿￿ØØ￿Ø￿ Ø￿￿￿ ￿￿￿ ￿Ł￿ ￿ ￿ ￿
ŁØ ￿￿￿º ￿￿￿ ￿￿Ø￿￿Œ ￿￿ºŒŁ ØŒ￿ ￿ ￿ ￿￿￿￿￿
ŁŁ ￿Ø￿￿￿￿ Ł￿￿￿ŒŒ￿￿ Ł￿￿￿￿ ￿￿￿ ￿￿º ￿ ￿ ￿
Ł￿ ºŁŒ￿Ø￿ ￿￿￿￿ ￿￿Ł￿￿ Ø￿ØØ ￿￿￿ ￿ ￿ ￿
Ł￿ ￿ØØŁ￿￿￿ ￿￿￿Œ ￿￿￿Ø￿ ￿º￿￿º Ø￿Ł ￿ ￿ ￿￿￿ŁŒ
Ł￿ Ø￿Ø￿￿ º￿￿Ł º￿ØŒº Ø￿￿￿ ￿º￿ ￿ ￿ ￿
Ł￿ ￿Øº￿Ł￿ Ø￿￿Ł Øº￿ŒŒ Ł￿￿Œ ￿￿￿ ￿ ￿ ￿
￿￿ º￿Œ￿￿Ł ￿Œ ￿￿￿ºŒ ŒØ￿￿ ￿Ø￿ ￿ ￿ ￿
￿￿ Øº￿￿￿ ￿￿￿Œ ￿￿￿￿￿ º￿Ø￿ ￿￿￿ ￿ ￿ ￿
￿º Œº￿￿￿º ￿￿￿Œ ￿￿￿￿º ŒŒ￿￿ ￿￿￿ ￿ ￿ ￿
￿Œ ￿￿￿￿￿￿ ºŁ￿￿ º￿Ł￿￿ ØØØ￿ Œ￿￿ ￿ ￿ ￿￿￿ŒŒ
￿Ø ºŒ￿º ºº￿ ￿￿￿ŁŁ￿ º￿￿￿￿ ￿￿￿ ￿ ￿ ￿￿￿￿
￿Ł ŁŁ￿￿º￿ Ł￿￿￿ Ø￿ŁŒØ ￿￿￿￿ ŒØº ￿ ￿ ￿
￿￿ Ł￿￿￿￿Ł ŒŁ Œ￿￿º￿ ￿ºØº ￿Ł￿ ￿ ￿ ￿
￿￿ ºØ￿￿￿￿Ø ￿ŁŁ ￿￿Œ￿º ￿ŁŒ￿ º￿￿ ￿ ￿ ￿￿￿￿ŒŒ
￿￿ ￿Œº￿ŒØ ŁØ￿￿ Œ￿ºº￿ ￿ŒŁ￿ ￿￿Ł ￿ ￿ ￿
￿￿ ￿￿￿￿ºº ŁŁ￿º Øº￿ŒŁ ￿º￿Ø º￿Ł ￿ ￿ ￿
￿￿ ŁŁØ￿ŒØ Ł￿￿￿ ŒºŒŁº ŒŒº￿ º￿Ł ￿ ￿ ￿
￿￿ ￿￿￿ ￿Ł￿￿ Œ￿º￿Œ ￿￿ŁØ ￿￿º ￿ ￿ ￿
￿º ￿￿Œ￿￿º Ł￿￿￿ ŒØ￿￿￿ Łº￿Ø º￿￿ ￿ ￿ ￿
￿Œ ￿ØºØ ￿Ø￿ ￿￿￿ØŁ￿ ￿￿￿￿￿ ØŒº ￿ ￿ º￿￿Ł
￿Ø Œ￿Œ º￿￿￿ º￿￿￿￿ Ł￿￿￿ ￿￿Ł ￿ ￿ ￿
￿Ł ￿￿￿ ￿￿￿Ø Ł￿Ø￿￿ ￿ºŒ￿º Œ￿￿ ￿ ￿ ￿
￿￿ ￿￿Œ￿Œ￿ ￿º Ł￿￿Ł￿ ￿￿ŁŁ￿ ºº￿ ￿ ￿ ￿
￿￿ ŒŁ￿￿￿￿º º￿￿ ￿￿￿￿￿Œ ￿￿º￿Œ Ø￿￿ ￿ ￿ º￿￿￿ŁŒ
￿￿ ￿Ł￿Œ￿￿º ￿Łº ￿ºØ￿￿ ￿￿￿￿￿ Ø￿Ø ￿ ￿ ￿￿￿￿Ø
￿￿ Ø￿￿ Ø￿￿￿ Œ￿￿Ø￿ ￿º￿Ł ￿￿Ø ￿ ￿ ￿
￿￿ ￿￿￿￿Œ￿ Ø￿￿º º￿￿Ø￿ Ł￿￿º ￿ŁŒ ￿ ￿ ￿
￿￿ ￿￿￿￿￿ ￿º￿ ØŁŁ￿Œ ￿￿ŁŁ ºŒ￿ ￿ ￿ ￿￿￿￿￿
￿º ￿￿￿￿ ￿￿￿º ￿￿￿￿￿ ￿￿Œ￿￿ ŒŁ￿ ￿ ￿ ￿
￿Œ ŒºŒ￿￿º￿ Œº￿ ￿ºº￿￿￿ ￿￿￿￿￿ Ł￿Ø ￿ ￿ ￿Ø￿￿ŒŒ
￿Ø ￿ØŒ￿￿￿ ￿￿￿ Ø￿￿￿￿ ￿￿￿ºŒ º￿￿ ￿ ￿ ￿64
7DEOH $41 ’DWD IRU ,OOXVWUDWLYH +HDOWK &DUH ([DPSOH +FRQWLQXHG,
+RVSLWDO )7( &RVWVıøPLOOLRQ￿ 37’$<6 ’,6&+ %(’6 )25352) 7($&+ 5(6
￿Ł ￿￿ŒŁ￿￿￿ º￿Œ ￿Ø￿￿￿ ￿￿ØŁ￿ º￿￿ ￿ ￿ ￿Ł￿￿Ø
￿￿ ￿￿￿￿ ￿￿￿ ￿￿Ł￿Ø￿ ￿￿ºŁ￿ Ø￿￿ ￿ ￿ ￿￿￿Œ
￿￿ Ø￿Ø￿Ł￿ Œ￿￿º ºØ￿￿￿ ￿Ø￿Ø ￿ºŁ ￿ ￿ ￿
￿￿ º￿Ø￿￿ ￿Œ￿￿ º￿￿Œ￿ ￿￿￿Ł ￿ŒŁ ￿ ￿ ￿
￿￿ ￿￿￿￿￿Ł￿ º￿￿ ￿Ł￿ŁŒ ￿ŒØ￿Ł Œ￿￿ ￿ ￿ ￿￿￿Ł￿
￿￿ ￿￿º￿￿￿￿ ￿￿￿￿ Ø￿￿￿Œ ￿￿￿￿ ºŁº ￿ ￿ Ø
￿￿ ￿￿￿￿￿º ￿￿￿ ￿Ł￿￿Ø º￿ŒŒØ ŒŁ￿ ￿ ￿ ￿
￿º ￿￿Ł￿￿Ł￿ ￿￿￿ ￿￿￿ŁŒ ￿￿Łº￿ Ø￿Œ ￿ ￿ ￿
￿Œ ￿￿￿￿￿￿￿ ￿￿￿Ł ￿Ø￿Ø￿ ￿￿￿ŒŁ Œ￿￿ ￿ ￿ ￿
￿Ø ￿ŁŒº￿￿ ￿ŁŒ ￿￿￿￿￿ ￿￿Œ￿￿ Œ￿Ł ￿ ￿ Ø￿￿
￿Ł ￿Ø￿º ￿￿Œ ￿￿￿￿￿￿ ￿￿￿ŁŒ Ø￿Ø ￿ ￿ ￿￿Ł
￿￿ ￿￿ŒŒ￿￿ ￿￿￿ ŁŁŁØ￿ ￿ŁŁ￿￿ ŒŁŁ ￿ ￿ ￿￿Ł￿
￿￿ ￿￿￿ Ø￿￿º ￿￿￿￿￿ Ł￿Œ￿ Œ￿￿ ￿ ￿ ￿
￿￿ Œ￿￿￿Œ￿ º￿￿º ØŒº￿Ø º￿ŁŒ ￿Ø￿ ￿ ￿ ￿
￿￿ ￿￿Œ￿￿￿￿ º￿￿ ￿￿￿￿￿ ￿￿Œ￿Ł Ø￿￿ ￿ ￿ ￿
￿￿￿ ￿Ł￿Œ￿Œ ￿￿￿ ￿￿￿ºØ ￿￿￿￿￿ ØŁ￿ ￿ ￿ ￿￿￿￿￿
1RWDWLRQ XVHG LQ 7DEOH $4=
)7(= 7KH QXPEHU RI IXOO WLPH HPSOR\HHV LQ WKH KRVSLWDO LQ )< 4<<70<8
&RVWV= 7KH H[SHQVHV RI WKH KRVSLWDO +’PLOOLRQ, LQ )< 4<<70<8
37’$<6= 7KH QXPEHU RI WKH SDWLHQW GD\V SURGXFHG E\ WKH KRVSLWDO LQ )< 4<<70<8
’,6&+= 7KH QXPEHU RI SDWLHQW GLVFKDUJHV SURGXFHG E\ WKH KRVSLWDO LQ )< 4<<70<8
%(’6= 7KH QXPEHU RI SDWLHQW EHGV LQ WKH KRVSLWDO LQ )< 4<<70<8
)25352)= ’XPP\ YDULDEOH/ ZKLFK LV HTXDO WR RQH LI LW LV IRU0SURILW KRVSLWDO/ ]HUR RWKHUZLVH
7($&+= ’XPP\ YDULDEOH/ ZKLFK LV HTXDO WR RQH LI LW LV WHDFKLQJ KRVSLWDO/ ]HUR RWKHUZLVH
5(6= 7KH QXPEHU RI WKH UHVLGHQWV LQ WKH KRVSLWDO LQ )< 4<<70<865
7DEOH $51 &&50, ’($ (IILFLHQF\ 6FRUHV IRU WKH 2EVHUYHG 6DPSOH
+RVSLWDO 6FRUH +RVSLWDO 6FRUH +RVSLWDO 6FRUH +RVSLWDO 6FRUH
￿ ￿￿ØŁ º￿ ￿￿Ł￿ Ł￿ ￿ ￿￿ ￿￿￿￿
º ￿￿Ø￿ º￿ ￿￿Øº Łº ￿￿￿￿ ￿￿ ￿￿Œ￿
Œ ￿￿Ł￿ º￿ ￿￿￿￿ ŁŒ ￿￿￿Ø ￿￿ ￿￿￿
Ø ￿￿￿￿ º￿ ￿￿Łº ŁØ ￿￿￿º ￿￿ ￿￿￿Œ
Ł ￿￿Ł￿ Œ￿ ￿￿￿￿ ŁŁ ￿ ￿￿ ￿￿ØØ
￿ ￿￿￿ Œ￿ ￿￿Œ￿ Ł￿ ￿￿￿￿ ￿￿ ￿￿Ø
￿ ￿￿Ł￿ Œº ￿￿￿￿ Ł￿ ￿￿Łº ￿º ￿￿￿º
￿ ￿￿￿￿ ŒŒ ￿￿￿Ø Ł￿ ￿￿ŁŁ ￿Œ ￿￿ŒØ
￿ ￿￿Ø￿ ŒØ ￿￿￿Ø Ł￿ ￿￿ŁŁ ￿Ø ￿￿Ø
￿￿ ￿￿Ł￿ ŒŁ ￿￿￿Œ ￿￿ ￿￿￿Ł ￿Ł ￿￿Łº
￿￿ ￿￿￿º Œ￿ ￿￿Ł￿ ￿￿ ￿￿Ł￿ ￿￿ ￿￿￿￿
￿º ￿￿￿Œ Œ￿ ￿￿Łº ￿º ￿￿￿ ￿￿ ￿￿￿
￿Œ ￿￿Ł￿ Œ￿ ￿￿Ø￿ ￿Œ ￿￿￿Œ ￿￿ ￿￿￿Ł
￿Ø ￿￿￿Œ Œ￿ ￿￿￿￿ ￿Ø ￿￿￿Œ ￿￿ ￿￿ØØ
￿Ł ￿￿￿￿ Ø￿ ￿￿￿º ￿Ł ￿￿￿Ł ￿￿ ￿￿Œ￿
￿￿ ￿￿Ø￿ Ø￿ ￿￿￿￿ ￿￿ ￿￿￿Ø ￿￿ ￿￿￿Ø
￿￿ ￿￿Œ￿ Øº ￿￿￿º ￿￿ ￿￿ºØ ￿º ￿￿Ł￿
￿￿ ￿￿Łº ØŒ ￿￿￿ ￿￿ ￿￿Ł￿ ￿Œ ￿￿￿º
￿￿ ￿￿Ø￿ ØØ ￿￿Ł￿ ￿￿ ￿￿Ø￿ ￿Ø ￿￿￿Ø
º￿ ￿￿Ł￿ ØŁ ￿￿Ł￿ ￿￿ ￿￿Œ￿ ￿Ł ￿￿￿￿
º￿ ￿￿ŁŒ Ø￿ ￿￿Ł ￿￿ ￿￿Ł￿ ￿￿ ￿￿￿￿
ºº ￿￿￿Ł Ø￿ ￿￿￿Ł ￿º ￿￿Ø￿ ￿￿ ￿￿￿￿
ºŒ ￿￿ŒØ Ø￿ ￿￿ŁŒ ￿Œ ￿￿￿Œ ￿￿ ￿￿￿Œ
ºØ ￿￿Œ￿ Ø￿ ￿￿￿º ￿Ø ￿ ￿￿ ￿￿ŁØ
ºŁ ￿￿￿º Ł￿ ￿￿￿￿ ￿Ł ￿￿￿Ø ￿￿￿ ￿￿￿￿